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ABSTRACT 

Experimentally determined data  on the fa t igue  performance 
of visco-elast ic  mater ia l  a t  elevated temperatures are presented 
i n  this repor t .  
shear fa t igue,  axial-load s t a t i c  t ens i l e ,  visco-elast ic  material 
static shear, and sonic fatigue panel vibration tests. The test 
r e s u l t s  general ly  shared the  visco-elastic mater ia l  t o  have s l i g h t l y  
better sonic fatigue properties,  s l i gh t ly  lover  s t r u c t u r a l  fatigue 
l ife,  and comparable j o i n t  s t rength aa compared t o  p la in  aluminum. 

The test program included sonic fa t igue ,  s t ruc tu ra l  
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INVESTIGATION OF T H ~  FATIGUE PERFOFWL~CE - 
OF VISCO-ELASTIC PANELS AT ELEVATED 

TEMPERATURES- 

R. V. Bennett* 

Experimentally determined da ta  on the Fa t igue  perfomem; of visco- 
e l a s t i c  panels a t  elevated t e m p e r a t k x a r e  presented i n  t h i s  report .  
These da ta  were obtained i n  the  laboratory f a c i l i t i e s  of the  Columbus 
Division of North American Aviation, Inc., during the  period extending 
from Ju ly  1, 1963 to Ju ly  31, 1964. 
to evaluate  the  \fatigue characteristics--of visco-elast ic  material and 
campare them witliX€Zidard aluminum construction a t  temperatures up t o  
3OOOF and t o  determine j o i n t  cha rac t e r i s t i c s  of visco-elast ic  construction 
using standard r i v e t s  as fasteners a t  temperatures up t o  W F .  
program included sonic fatigue,  s t r u c t u r a l  shear  fa t igue ,  axial-load 
s t a t i c  t e n s i l e ,  visco-elast ic  mater ia l  s t a t i c  shear,  and sonic f a t igue  
panel v ibra t ion  tests. 
main conclusions: 

The objectives of t h i s  program were 

The test 

The r e s u l t s  of th i s  program lead t o  the following 

1. The sonic f a t igue  l i f e  of the v isco-e las t ic  material was general ly  
longer than pla in  aluminum a t  a l l  r e a l i s t i c  temperature-sound 
pressure l e v e l  conditions, with the supe r io r i ty  diminishing a t  
300OF and t he  higher sound pressure levels .  

2. The s t r u c t u r a l  shear f a t igue  l i f e  of round-head r ive ted  visco- 
e l a s t i c  shear  panels w a s  slightly less than p l a in  aluminum 
shear  panels from ambient temperatures t o  300°F; t he  f a t igue  
l i f e  of flush-head r ive ted  visco-elast ic  panels was s l i g h t l y  less 
than aluminum panels at ambient temperatures and 
less at 200OF and 3 W F .  

*Columbus Division, North American Aviation, Inc. 
' T  
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3. The static tensile strength of round-head riveted joints 
in the visco-elastic material was comparable to standard 
joints in aluminum at temperatures up to 300OF; the static 
tensile strength of flush-head riveted joints in the 
visco-elastic material was comparable to standard joints 
in aluminum at 30O0F, but substantially lower at ambient 
temperatures. 

INTFtODUCTION 

A program for investigating.the fatigue performance of visco-elastic 
panels at elevated temperatures was conducted by the Columbus Division 
of North American Aviation, Inc., during the period extending from July 
1, 1963 to July 31, 1964. 
Development Group were responsible for technical direction of the 
project. 
Administration under Contract NAS 1-3193. 

Personnel from the Advanced Environmental 

The program was supported by the National Aeronautics and Space 

This program was initiated to demonstrate the potential usefulness 

In structures subjected to acoustically excited vibrations, the 
of visco-elastic material for structures subjected to vibratory environ- 
ments. 
responses must be damped to ensure adequate fatigue life. 
design must provide this damping deliberately and increase it wherever 
possible. Because of its good damping properties, the visco-elastic 
laminate would appear to be a potentially useful material f o r  structures 
subjected to vibratory environments which are either acoustic, pressure, 
or mechanical in nature. 
considerable areas of structures are designed by the environment rather 
than maneuver o r  gust loads. 
to reduce stress amplitudes must be considered when optimizing the design 
for strength and weight. 
the structures design engineer to take advantage of this approach. 
fore, this limited experimental program was initiated to provide physical 
proof of the advantages to be gained. 

Structural 

With the type of aircraft being considered, 

In such areas the use of damping treatment 

However, there is a reluctance on the part of 
There- 

To establish the suitability of the visco-elastic material in the 
above application, it was necessary to obtain test data for comparison 
with conventional materials and to demonstrate the practicability of 
forming joints. Therefore, the specific objectives of this program were: 

1. To evaluate the fatigue characteristics of visco-elastic 
material and compare them with standard aluminum construction 
at temperatures up to 30O0F. 

2. To determine joint characteristics of visco-elastic construction 
using standard rivets as fasteners at temperatures up to 30O0F. 
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* The visco-elastic. laminate investigated i n  t h i s  program was a 
sandwich-type construction consis t ing of two ,020 in .  th ick  aluminum 
skins bonded t o  a .02O in .  th ick  elastomer inter layer .  

The scope of the  experimental tests conducted during t h i s  program 
may be summarized as follows: 

1. (54) Sonic fatigue tests i n  t h e  discrete  frequency s i r e n  f a c i l i t y  

A. 
B. 
C. 
D. 

(54)  St ruc tu ra l  fa t igue tests of shear panels 

A. 
B. 
C. 

(72) Axial-load s t a t i c  tensile t e s t s  

A. 
B. 
C. 

(2) types of panels - visco-elastic and cont ro l  
(3) test temperatures - ambient, 2W°F and 3000F 
(3) sound pressure l e v e l s  - L@, 154 and 160 db 
(1) type of r i v e t  - standard round-head 

2. 

(2) types of shear panels - V/E and cont ro l  
(2) types of r i v e t s  - flat-head and round-head 
(3) tes t  temperatures - ambient, 200°F and 3OOOF 

3. 

(2) types of  specimens - V/E and cont ro l  
(2) types of r i v e t s  - flat-head and round-head 
(3) test  temperatures - a b i e n t ,  2W°F and 3W°F 

4 .  Visco-elastic mater ia l  s t a t i c  shear t e s t s  

A. 

B. 
C. 

( 5 )  soaking temperatures - ambient, 150°F, 2 W F ,  25WF 
and 30OOF 
Test temperatures - soaking and ambient 
Specimens cu t  from (2) s i z e s  of V/E shee ts  -24 inch x 24 inch 
(Lot # l )  and 36 inch x 48 inch (Lot #2) 

5. Sonic fatigue panel vibrat ion tests 

A. 
B. 
C. 

(2) types of panels - V/E and cont ro l  
(3) t es t  temperatures - ambient, 2W°F and 300°F 
(2) panel suspension systems - hard and s o f t  

T h i s  repor t  is composed of the  following four  main sections:  

1. Test Epuipment and Procedure 
2. Test Data 
3. Discussion 
4. Conclusions 
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Each of the  f irst  three  main sec t ions  i s  divided i n t o  the  following f i v e  
8ub-sections : 

1. Sonic fatigue tests 
2. Struc tura l  shear f a t igue  t e s t s  
3. Axial-load s t a t i c  t e n s i l e  t e s t s  
4 .  
5 .  

Visco-elastic material s t a t i c  shear t e s t s  
Sonic f a t igue  panel v ibra t ion  tests 

The Test Equipment and Procedure Section descr ibes  t e s t  hardware, equip- 
ment, f a c i l i t i e s ,  and procedures. 
measurements obtained during the  various phases of the  t e s t  program. 
The Discussion Section contains observations on da ta  t rends  and comments 
on major points of i n t e r e s t  and unusual occurrences during t h e  t e s t  
program. The Conclusions Sect ion has general  summarizations of the  test  
results, recommended follow-on work and a statement on the  degree of 
fulfi l lment of  program object ives .  

The Test Data Section summarizes the  

Following t h e  four  main sec t ions  of t h i s  repor t  are the  three  
appendices l i s t e d  below: 

1. 
2. 
3. 

Appendix A - Test Specimen Design Philosophy 
Appendix B - St ra in  Gage Cal ibrat ion 
Appendix C - Painted C i rcu i t  Crack Detection System 

Appendix A contains a discussion on the  philosophy u t i l i z e d  i n  the  design 
of the  sonic fa t igue,  s t r u c t u r a l  shear fa t igue ,  axial-load s t a t i c  t e n s i l e ,  
and s t a t i c  shear t e s t  specimens. 
of s t r a i n  gages on the sonic and s t r u c t u r a l  shear fatigue panels i s  included 
i n  Appendix B. 
c i r c u i t  crack detect ion system developed f o r  remote and automatic de tec t ion  
of i n i t i a l  crack propagation i n  the  sonic f a t igue  panels.  

The technique used f o r  s t r e s s  ca l ib ra t ion  

Appendix C contains a descr ip t ion  of  the  painted me ta l l i c  

At the  end of the repor t  a r e  the  t ab le s  with tabulated test d a t a  and 
figures showing test  hardware dimensions, instrumentation h y o u t s ,  equipment 
set-ups, t e s t  f a c i l i t i e s ,  test  specimen f a i l u r e s ,  and p l o t s  of t e s t  da ta .  

4 



L 

SYMBOLS 

damping 

Young's modulus of elasticity, psi 

strain gage factor 

ultimate static shear stress, psi 

ultimate static tensile strength, lb 

applied load, lb 

resistance, ohms 

Stress, psi 

test temgerature, F 

normalized signal displacement 

time, min. 

signal displacement 

probability density 

power spectral density, (psi )/cps 

signal root mean square displacement 

frequency, cps 

number of oscillatory cycles 

cycle rate, c p  

0 

2 
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SUBSCRJPTS 

8 

C 

0-P 

P 

P-P 

6 

F 

ave 

m X  

lQlS 

r e fe r s  t o  roo= o r  ambient temperature 

c r i t i c a l  or cal ibrated value 

zero t o  peak value 

peak value 

peak t o  peak value 

r e fe r s  t o  soaking temperature 

r e fe r s  t o  f a i lu re  time o r  cycles 

average value 

maximum value 

root  mean square value 

ABBREXIATIONS 

Al Aluminum 

F.H. flush-head r ive t  

R.H.  round-head r i v e t  

SPL sound pressure l eve l ,  decibels (db) 

Note: 2 The sound reference pressure = .0002 dynes/cm 
throughout t h i s  report  

V/E v i  sc o - e la  s t i c 

N.F. no f a i l u r e  
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DEFINITIONS 

Control panel - test panel w i t b p l a i n  aluminum web, aluminum stiffeners, 
and aluminum flanges or caps 

Visco-elastic panel - t e s t  panel with visco-elastic web, plain aluminum 
stiffeners, and plain.  aluminum flange3 or caps 

TEST EQUIPMENT AND PROCEDUm 

Sonic Fatigue Tests 

The onic f a t igue  tests were conducted i n  the  D1 Crete Frequency 
Siren Test F a c i l i t y  (See Figure 1 ) .  
from the  p lan t  l i n e s  i s  aspirated t o  1100 lbs. per minute a t  two t o  
three p s i  and del ivered t o  a spher ica l  plenum chamber. 
from the  chamber t o  a horn sect ion and i s  directed through the 12 s t a t o r  
ports  of the s i r en .  
wave test sec t ion ,  a muffler, end an exhaust stack. 
is operated by a var iab le  speed motor and the frequency range of the  
device is 50 t o  1000 cps. 
sound pressure l e v e l s  up t o  175 db over a frequency range of 200 t o  500 
cps and 165 db from 50 to  550 cps. 

For th i s  f a c i l i t y ,  the a i r  supply 

The air flows 

The sound and a i r  then pass through a progressive 
The 12 port  siren 

The f a c i l i t y  i s  presently capable of generating 

The panel heating fixture w a s  mounted i n  the d i sc re t e  frequency 
s i r e n  test sec t ion  as shown i n  Figure 2. 
severa l  quartz  lamp and r e f l ec to r  arrays s t r a t eg ica l ly  mounted on a steel  
frame t o  provide even temperature d is t r ibu t ions  on the  inside sk ins  of 
the test panels. The steel frame was suspended from the top  of t he  s i r e n  
test sect ion by means of multiple-jointed linkage t o  i s o l a t e  it from test  
sect ion v ibra t ions .  The posi t ions of the quartz  lamps r e l a t ive  t o  the  
test panel are shown i n  Figure 3. 

This fixture consisted of 

A sketch of t h e  sonic fatigue test panels is shown i n  Figure 4. 
For the program, 27 cont ro l  and 27 visco-elastic panels were constructed. 
Two extra con t ro l  panels were a l s o  constructed, one for temperature 
d i s t r ibu t ion  surveys--the other a spare. 
the two types of panels was the skin or web. 
sol id ,  .051 inch th i ck  aluminum web, while the v isco-e las t ic  panels had 
a web consis t ing of  two outer  aluminum facing sheets,  each .020 in .  th ick ,  
and an .020 in. t h i c k  elastomer inter layer .  
on all panels. 
structures were u t i l i z e d .  
panels is discussed in Appendix A. 

The only difference between 
The control  panels had a 

Round-head r i v e t s  were used 
Normal construction techniques f o r  built-up r iveted aluminum 

The design philosophy fo r  t he  sonic fatigue test 
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The mounting f i x t u r e  used f o r  t he  sonic fa t igue  t e s t  panels 
I n  t h i s  fixture, the t e s t  p ine l  skin was may be seen i n  Figure 5 .  

recessed approximately two inches from the  s ide  face of the  tes t  section. 
The fixture consisted of a heavy s teel  outer  frarrework which was r i g i d l y  
fastened t o  the  s i d e  of t he  t e s t  chamber, and a heavy s t e e l  inner frame 
which was hinged t o  the  outer  framework. 
r i g id ly  t o  t h e  inner  frame. 
ou te r  framework during the  sonic f a t igue  tests. 
removed and the  inner frame was swung outward f o r  visual inspections 
and panel changes. 
a s o f t  suspension system, the  inner frame was removes e n t i r e l y  from the  
uuter framework and suspended horizontal ly  with bungee cord. For panel 
vibration tests a t  room and elevated temperatures w i t h  a hard suspension 
system, the  inner  frame was r i g i d l y  mounted i n  i t s  noma1 v e r t i c a l  posi t ion 
i n  the outer framework. 

The t e s t  pmel was mounted 
The inner frame xas bolted r i g i d l y  t o  the  

These bo l t s  srere 

For panel v ib ra t ion  tests a t  rooa temperature with 

The sonic f a t i g u e  panel and s i r e n  test section instrumentation 
included microphones, thermocouples, s t r a i n  gages m d  a non-contacting 
displacement pickup 

Microphone locat ions for the  sonic f a t igue  t e s t s  are sham i n  
Figure 6 .  
temperature tests and posi t ions #3 and #A during tne elevated temperature 
tests to  monitor the sound pressure l eve l s  i n  the t e s t  section. 
t he  elevated temperature tests, microphone outputs a t  positions $3 and 
#b were correlated,  respectively,  with microphone oatputs a t  posit ions 
#1 and #2. 

Microphones were used a t  posit ions #1 a~ $2 during the room 

Before 

Thermocouple locat ions on t h e  sonic fa t igue  t e s t  panels a r e  shown i n  
Figure 7. 
used for  temperature d i s t r i b u t i o n  surveys. 
only thermocouples #1 t o  #6 were used t o  monitor paael temperatures. 

Actually, a l l  30 thermocouples were mounted only on the panel 
For the regular t e s t  panels, 

S t r a in  gage locat ions on the  sonic fa t igue  test p n e l s  a r e  shoun 
i n  Figure 8. 
normal and elevated temperature s t r a i n  gages were used on the  panels. 

Posi t ion #3 vas used only f o r  the f i rs t  few panels. Both 

During the  elevated temperature sonic fa t igue  t e s t s ,  a non-contacting 
displacement probe, developed i n  t h e  NAA-Columbus Dynamics Lab, was mounted 
i n  l i ne  with t h e  center  of t h e  panel as s h a m  i n  Figure 5 .  
of t h i s  probe were t o  measure s ta t ic  buckling of the Fanel due t o  thermal 
s t r e s ses  and t o  monitor t h e  dynamic displacement of the panel center bay 
f o r  s i ren  tuning purposes after a l l  panel s t r a i n  gages had fa i led .  

The main functions 
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Various means were used during the sonic fatigue tests t o  prevent 

A th in  s t r i p  of s i l i cone  rubber cmpound was f ina l ly  used 
s t r a in  gage and thermocouple leads from breaking loose due t o  panel 
vibrations. 
t o  keep a l l  leads t i e d  securely t o  the  panels. 
the thermocouple leads were inserted through #80 holes i n  the panel web 
and coated on both sides with a conductive paint solution. The two #SO 
holes f o r  each pair of leads were spaced approximately l/8 in .  apart. 
Peening the thermocouple leads i n  the  holes was insufficient i n  i tself ,  
since panel vibrations worked the  leads loose and caused e r r a t i c  thermo- 
couple output signals. Also, the use of an epoxy resin was unsuccessful 
i n  keeping leads t ied  down, since the epoxy became b r i t t l e  and cracked, 
breaking the leads i n  the process. 
unsuccessful, since they lost  their adhesive properties a t  the elevated 
temperatures. 

In addition, the ends of 

Various types of tape were also 

The p e r  t o  the heating un i t s  i n  the s i ren t e s t  section w a s  supplied 
and regulated by a p e r  regulator and controller. This uni t  is capable 
of providing three controlled temperature aones by proportioning heater 
p e r  through ignitrons controlled by a closed-loop thermocouple feedback 
circui t .  Actually, only two temperature control zones were used on the 
sonic fatigue panels (See Figure 3 ) .  Settings f o r  the power controller 
were determined during the panel temperature dis t r ibut ion surveys. 
surveys were obtained for each combinatiou of test temperature and a i r  
flow velocity i n  the test  section prior t o  conduction of the sonic fatigue 
tests at  these prescribed conditions. 
u n t i l  the prescribed mean panel temperature, within 2 5%, was obtained a t  
a l l  30 thermocouple positions with each air flow velocity. 
were conducted under steady state conditions, no programming of the power 
controller was necessary. 

These 

Lamps and ref lectors  were rearranged 

Since the tests 

The control console and associated equipent  f o r  the discrete frequency 
s i ren  f a c i l i t y  are shown i n  Figure 9. 
i t o r  plant a i r  supply pressure and temperature, d i f f e ren t i a l  pressures, 
frequency and wave f o w  of acoustic sxcitation, sound pressure leve l  a t  
six microphone positions, R4S voltage output of panel s t r a in  gages, s i ren  
bearing temperatures and s i ren  vibration levels. The console contains 
rough and f i n e  tuning d i a l s  for s i r en  speed control. 
includes the manually operated valve which is used t o  regulate air flar 
through the 6 inch plant supply l i n e  to the s i ren  aspirator.  

The console is instrumented t o  mon- 

Associated equ ipen t  

The step-by-step procedure followed during the sonic fatigue 
tests is l i s t e d  belw: 

1. Strain gages were applied t o  the panel according t o  normal tech- 
niques. Strain gage and thermocouple leads were secured as 
described previously. 
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2. 

3. 

4. 

5 .  

6. 

I .  

8.  

9. 

10. 

The panel was fastened securely t o  the  mounting frame on the  
aid0 of the  s i r e n  test sec t ion  with (32) 5/16 inch bol t s .  
Instrumentation leads were connected t o  the  recording 
equipment 

Microphones were ca l ib ra t ed .  
t e s t s ,  microphones a t  #3 and #4 posi t ions were correlated with 
the  microphones a t  the  #1 and #2 pos i t ions .  
microphones were then removed before the  heat  was turned on. 

Before the  elevated temperature 

The l a t t e r  two 

Power was gradually appl ied t o  the lamp ar rays  p r io r  t o  the  
elevated temperature t e s t s .  
prescribed temperature, slowly, before the  t e s t  s t a r t ed  t o  
minimize thermal s t r e s s e s ,  t o  f a c i l i t a t e  balancing s t r a i n  gages, 
and t o  obtain uniform data during the  test  runs. 

The panel was brought up t o  the 

S t r a i n  gage ca l ib ra t ions  were applied t o  the  oscil lograph end 
X-Y p l o t t e r  (See Appendix B) . 
X-Y p l o t t e r  was a l s o  ca l ib ra t ed .  

The frequency coordinate of the  

The s i r e n  was swept from 70 t o  500 cps with the  prescribed 
t e s t  sound pressure l e v e l  and mean panel temperature. 
these frequency surveys, the  outputs from a l l  panel s t r a i n  gages 
were recorded on the  osci l lograph and X-Y p l o t t e r .  

During 

The frequency a t  which the  maximum output of Gage #1 occurred 
on the  X-Y p l o t t e r  was se lec ted  as the  i n i t i a l  s e t t i n g  f o r  
the  s i r e n  speed cont ro l .  A t  t h i s  time the  t e s t  began. 

The s i r e n  speed con t ro l  was adjusted t o  maintain peak output 
from Gage #1 on the  X-Y p l o t t e r  as required.  
l e v e l  was maintained i n  the  test  sec t ion  by manual adjustment 
of the  valve on the  p l an t  a i r  supply l i ne .  

The sound pressure 

A t  f requent  i n t e rva l s ,  t he  s i r e n  and heat ing f i x t u r e  were 
shut  down f o r  v i s u a l  panel inspections.  

The t e s t  runs were continued u n t i l  10 hours were accumulated 
or u n t i l  the  panel f a i l e d ,  whichever came first. 
defined as the  i n i t i a l  formation of a v i s i b l e  crack i n  the  
center  bay skin area of the  panel. 

Fai lure  was 

When Gage #1 f a i l e d  before t e s t  completion, the  other  s t r a i n  gages 
were used t o  ad jus t  the  s i r e n  t o  the  maximum panel response frequency. 
When a l l  gages f a i l e d  before t e s t  completion, the  displacement probe 
described previously was used. 
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* A log was made of a l l  changes i n  panel response frequencies t o  
f a c i l i t a t e  emputat ion of cycles t o  f a i l u r e  for each panel. 

An automatic crack detect ion system was introduced i n t o  the sonic 
fa t igue  program during the 3000F t e s t s  t o  supplement and eventually 
replace the v i sua l  inspection method. 
described i n  Appendix C. 

The crack de tec t ion  system is 

Some panel s t r a i n  gage data  were recorded on magnetic tape f o r  
probabi l i ty  dens i ty  and power s p e c t r a l  density analyses. 
s t r a i n  gage da ta  were obtained from sonic  fatigue panel #23 (control 
panel t es ted  a t  154 db and 300OP). 

These 

Three visco-elast ic  panels and t h ree  control panels were tes ted  a t  
each combination of th ree  temperatures (room, 2 W F  and 300OF) and three  
sound pressure l eve l s  (Us, 154 and 160 db). 

Frequency cor re la t ion  between t h e  microphones, s t ra in  gages, and 
displacement probe was checked frequent ly  during the t e s t s .  

S t ruc tura l  Shear Fatigue Tes ts  

The s t r u c t u r a l  shear fa t igue tests were conducted i n  the  NU-Columbus 
Dynamics Laboratory. 
equipment and t e s t  panels. 

Figures 10 and 11 show the  general  arrangement of 

A sketch of t he  s t ruc tu ra l  fa t igue  t e s t  panels is shown i n  Figure 
12. For the  program 9 control  panels with round-head r i v e t s ,  36 visco- 
e l a s t i c  panels with round-head r i v e t s ,  and 9 v isco-e las t ic  panels with 
flush-head r i v e t s  were constructed. 
round-head r i v e t s  were a l so  constructed, one f o r  temperature d i s t r ibu t ion  
surveys--the other  a spare. Three cont ro l  panels with R.H. rivets, nine 
V/E panels with B.H. r ive t s ,  and three control  panels with F.H. r i v e t s  
were t e s t ed  at  each of three mean temperatures (room, 200OF and 3OOOF). 
Excepting the  r i v e t s ,  the  only difference between t h e  panels was the  skin 
or web. 
w h i l e  the  visco-elast ic  panels had a web consisting of two outer  aluminum 
facing sheets,  each .020 inch thick,  and an .020 inch th ick  elastomer 
in te r layer .  For the  visco-elast ic  panels with flush-head r i v e t s ,  t he  
v i sco -e l a s t i c  web w a s  dimpled i n t o  countersunk r i v e t  holes in the aluminum 
back-up s t ruc tu re  before riveting. 
niques for built-up r iveted aluminum structures  were u t i l i z e d .  The design 
philosophy for the  s t r u c t u r a l  fa t igue  test panels i s  discussed i n  Appendix A. 

Two extra cont ro l  panels with 

The cont ro l  panels had a so l id ,  .051 inch th i ck  aluminum web, 

Otherwise, normal construction tech- 
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The s t ruc tu ra l  fa t igue  panel mounting system, cons is t ing  of a 
ve r t i ca l  s t e e l  column and panel end attachments, may be seen i n  Figure 
10. The panel end attachment f i t t i n g s  t i e d  the  caps and shear web 
t o  the v e r t i c a l  column i n  a manner which provided symmetrical load 
paths. 

The s t r u c t u r a l  f a t igue  panel heat ing fixture i s  shown i n  Figure 
10. T h i s  mobile f i x t u r e  consisted of severa l  quartz  lamp and r e f l e c t o r  
arrays s t r a t e g i c a l l y  mounted on a s t e e l  frame t o  provide even temperature 
d is t r ibu t ions  on one s ide  of the  panel web. 
lamps r e l a t i v e  t o  the  t e s t  panel a r e  shown i n  Figure 13. 

The pos i t ions  of the quartz  

The loading system u t i l i z e d  f o r  the  s t r u c t u r a l  f a t igue  tests i s  
shown i n  Figures 10 and 11. 
hydraulic c i r c u i t ,  hydraulic ac tua tor ,  and hydraulic pumping un i t .  

This system consisted of the cont ro l  console, 

The ac tua tor  applied a load simultaneously t o  two panels mounted 
i n  v e r t i c a l  alignment on the  upright  s t e e l  column. Thus, the  two panels 
were loaded aga ins t  each other ,  and no reac t ions  occurred a t  t h e  base of 
the  column. 
actuator. 

S t e e l  end f i t t i n g s  were used t o  a t t ach  the  panel webs t o  the  
The panels were loaded i n  one d i r ec t ion  only-toward each other .  

The hydraulic c i r c u i t  consisted of the hydraulic l i nes ,  a pressure 
r e l i e f  valve, a metering valve, a servo valve, and a pressure meter. 
The pressure r e l i e f  valve l imited the  maximum f l u i d  pressure i n  the  l i n e s .  
The metering valve l imited the  r a t e  of f l u i d  flow t o  the  actuator .  
servo valve regulated the  cycling rate of f l u i d  flow t o  the  ac tua tor .  

The 

The cont ro l  console regulated o r  programmed the  ac t ion  of the  servo 
valve. The console contained d i a l s  f o r  s e t t i n g  the  time f o r  t h e  lIonll and 
l'off" portion of the  load cycle. It  was possible  t o  regulate  t he  load 
cycle rate, load appl icat ion r a t e ,  and maximum applied load t o  the  panels 
by proper adjustment of t he  console d i a l s ,  t he  metering valve, and the  
loading valve on the  pumping un i t .  
cycle counter and a switching uni t  which permitted appl ica t ion  of 
d i r e c t  s t a t i c  loads t o  the  panels. 

The console a l s o  contained a load 

The power t o  the  s t r u c t u r a l  f a t igue  panel heat ing fixture was 
supplied and regulated by the  same type of u n i t  used f o r  the sonic 
fa t igue  tests. Again, only two temperature cont ro l  zones were used fo r  
the s t ruc tu ra l  f a t igue  test set-up--one for each panel (See Figure 13) .  
Set t ings for the  power con t ro l l e r  were determined during the  panel 
temperature d i s t r i b u t i o n  surveys. These surveys were obtained f o r  each 
test temperature p r io r  t o  the  a c t u a l  tests. Lamps and r e f l e c t o r s  were 
rearranged u n t i l  the  prescribed mean panel temperature, within 2 5%,  
was obtained a t  a l l  27 thermocouple posi t ions.  Since the  tests were 
conducted under s teady state conditions,  no programming of the  power 
control ler  was necessary. 

12 



. 
The s t ruc tura l  fatigue panel instrumentation included strain gages 

and thermocouples. 
Actually, a l l  27 thermocouples were mounted only on the panel used f o r  
temperature dis t r ibut ion surveys. 
thermocouples f l  and 14 uere used t o  monitor panel temperatures. 

Thermocouple locations are sham i n  Figure 11. 

For the regular test  panels, only 

Strain gage locations on the structural  fatigue test  panels are  
shown i n  Figure 15. 
were mounted only a t  positions #2, #3, #6 and #8. 
elevated temperature s t r a i n  gages were used on the panels. 

After the first two panels were tested,  gages 
Both normal and 

The step-by-step procedure followed during the s t ruc tura l  fatigue 
tests is l i s t e d  below: 

1. Strain gages were applied t o  the panels according t o  normal 
techniques. 
as described f o r  the sonic fatigue tests, except that tape 
was substi tuted for the si l icone rubber. 

Strain gage and thermocouple leads were secured 

2. The end f i t t i n g s  were fastened to  the panels, and the panels 
were mounted securely to  the ver t ical  column. 

3 .  The heating fixture was moved into position and the hydraulic 
actuator was connected between the free ends of the pair  of 
panels. 
linkage and connected t o  the s t ra in  indicator. 
a t ion  leads were connected t o  the recording equipment. 

A calibrated load link was inserted into the actuator 
Panel instrument- 

4. Parer was gradually applied to  the lamp arrays pr ior  t o  the 
elevated temperature tests. 
prescribed temperature, slowly, before the tes t  s tar ted t o  
minimize thermal stresses,  t o  f a c i l i t a t e  balancing s t ra in  gages, 
and to  obtain uniform data during the tests. 

The panels were brought up t o  the 

5 .  Strain gage calibrations were applied t o  the oscillograph as  
described i n  Appendix B. 

6 .  The control console was set so that  manual s t a t i c  loads could 
be applied t o  the panels. 

7. The hydraulic pressure w a s  increased i n  50 ps i  increments u n t i l  
t he  panels were loaded t o  4 times the c r i t i c a l  buckling load. 
Outputs from the load l ink  uere recorded on the s t r a in  indicator 
and converted t o  lb. readings for  correlation with the pressure 
readings. 
on the oscillograph. The c r i t i c a l  buckling load f o r  the panels 
was established as that load a t  which the panel s t i f fener  gages 
registered i n i t i a l  s t r a in  readings. 
during the  regular tests was that corresponding t o  4 times the 
cr i t ical  buckling load value. 

Outputs from the panel s t r a in  gages were recorded 

The maximum pressure applied 



8. The load l i nk  was removed from the  actuator  l inkage. 

9. The metering valve, load valve and console cont ro ls  were adjusted 
t o  apply the  establ ished peak load t o  the  panels a t  a smooth 
cycling r a t e  of approximately 20 times per minute. Panel s t r a i n  
gage outputs were recorded on the  osci l lograph f o r  approximately 
10 load cycles a t  t i e  beginning of each t e s t .  

10. A t  frequent i n t e rva l s  v i s u a l  inspections were made while t he  
t e s t  was running. 

11. The test runs were continued u n t i l  50,000 load cycles  were 
accumulated or u n t i l  t he  panel f a i l e d ,  whichever came first.  
Fai lure  was defined as the  i n i t i a l  formation of a v i s i b l e  crack 
i n  the  panel web. 

The maximum applied panel load was specified as 3 times the  c r i t i c a l  * 

buckling load i n  the  contract  f o r  t h i s  program. 
panels tes ted  with this applied load did not  f a i l  within the  spec i f ied  
gO,OOO cycle l i m i t .  
a r b i t r a r i l y  anyway, t h i s  value was changed t o  4 times the  c r i t i c a l  buck- 
l i n g  load t o  ensure panel f a i l u r e s  within the  50,000 cycle l i m i t .  

However, the  f irst  two 

Therefore, s ince  the  peak load value was es tab l i shed  

The c r i t i c a l  buckling load was establ ished only f o r  the  first two 
control penels and the  f irst  two visco-elast ic  panels. 
panel loads f o r  each type of panel were maintained approximately constant.  
A s l i g h t  deviation i n  maximum applied load f o r  t h e  same type of panel d i d  
actual ly  occur, s ince the  peak load was always s e t  up on the  pressure meter 
a t  the  25 p s i  mark nearest  the corresponding desired peak load. 
meter ca l ibra t ion  d i f fe red  s l i g h t l y  from run t o  run, so d id  the  apparent 
peak load values. 

Thereafter,  maximum 

Since the  

Axial-Load S t a t i c  Tensile Tests  

The axial-load s t a t i c  t e n s i l e  tests were conducted i n  the  NAA-Columbus 
Metals Laboratory. A general  view of t he  test  set-up i s  shown i n  Figure 16. 

A sketch of the  axial-load s t a t i c  t e n s i l e  specimen is shown i n  Figure 
17. For the program 18 specimens with .Ob0 inch th ick  aluminum s p l i c e  
p l a t e s  and round-head r i v e t s ,  36 specimens with .060 inch thick visco- 
e l a s t i c  sp l ice  p l a t e s  and round-head r i v e t s ,  and 18 specimens with ,060 
inch thick visco-elast ic  sp l i ce  p l a t e s  and flush-head r i v e t s  were constructed.  
An equal number of each of the above groups was tes ted  a t  each of t h ree  
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temperatures (room, 200'F and 3OOOF). 
specimens were the same as fo r  t he  s t ructural  fa t igue panels. 
design philosophy f o r  these t e s t  specimens is discussed i n  Appendix A. 

Riveting techniques for these 
The 

The axial-load static tensile tests were conducted using a 60,000 
lb. hydraulic test  machine. 
secured i n  adjustable clevis-type grips attached t o  self aligning 
loading rods. 
specimen and loading t r a in  i n  an e lec t r i ca l  resistance a i r  c i rculat ing 
furnace. 
l/2 hour t o  insure temperature equilibrium prior to testing. Specimen 
temperature was continuously monitored using a s t r i p  chart  recorder 
and a chromel-alumel thermocouple attached to  the specimen. All spec- 
imens were tested t o  fa i lure  i n  obtaining ultimate tens i le  strengths. 

The specimens were loaded through pins 

Elevated temperatures were obtained by exposing the 

The specimens were brought t o  temperature and soaked for 

S t a t i c  Shear. Tests 

The visco-elastic material s t a t i c  shear tests were conducted i n  the 

The test specimens were obtained from 

This s i ze  sheet 

NAA-Columbus Non-Metallics Laboratory. 
specimens is shown i n  Figure 18. 
two different lots of visco-elastic material. 
were cut from a 21, inch x.24 inch visco-elastic sheet. 
was used t o  construct the sonic fa t igue test panels. 
speclmens were obtained from a 36 inch x 48 inch visco-elastic sheet. 
The s t ructural  fatigue test panels w e r e  cut from t h i s  s ize  sheet. The 
design philosophy fo r  these test specimens is discussed i n  Appendix A. 

A sketch of the static shear tes t  

The first l o t  specimens 

The second l o t  

The visco-elastic material s ta t ic  shear specimens were tested a t  f ive  
different  temperatures: room, 1500F, 2 W F ,  250°F, and 300OF. Each spec- 
imen was soaked a t  the test temperature for  30 minutes prior t o  testing. 
Three specimens were tested a t  each of the f ive  temperatures and from 
each of the two lo ts .  Additional specimens from each of the two l o t s  
were also tested a t  room temperature after being soaked f o r  30 minutes 
a t  selected temperatures. 

The ultimate static shear strength was determined for each specimen 
by pulling the ends of the specimen u n t i l  fa i lure  occurred and recording 
the maximum applied load. 
at a jaw speed of 0.075 inch/minute. 

Loads were applied on a test  machine operating 



Sonic Fatigue Panel Vibration Tests 

The sonic f a t igue  panel vibrat ion tests were conducted i n  the  
NAA-Columbus Dynamics Laboratory. 
one visco-elastic panel and one control  panel. 
s ion  system was used with each panel. 

The vibrat ion t e s t s  were conducted on 
A hard and a s o f t  suspen- 

Figure 19 shows the  sonic f a t igue  panel vibrat ion test  set-up with 
the  so f t  suspension system. 
used t o  fas ten  the  panels t o  the  s ide  of t h e  s i r e n  t e s t  section. 
frame was removed from the t e s t  sect ion and suspended horizontally with 
bungee cord f o r  the s o f t  suspension vibrat ion tests. 
vided with two 25 lb. electromagnetic shakers attached v e r t i c a l l y  t o  the  
panel mounting fixture. &sonant frequencies, node l i n e s ,  and damping 
coef f ic ien ts  were determined f o r  the  fundamental vibrat ion modes. Acceler- 
ometers and standard read-out equipment were used t o  measure the  dynamic 
response of the  panels. Damping 
coef f ic ien ts  vere determined from the decay rates of accelerometer outputs 
recorded on an oscillograph. The vibrat ion tests with the  s o f t  suspension 
system were conducted a t  room temperature only. 

The panel mounting fixture was the inner frame 
The inner  

Excitation was pro- 

S a l t  was used t o  e s t ab l i sh  node l i nes .  

Figure 20 shows the sonic f a t igue  panel vibrat ion t e s t  set-up with 
For these t e s t s  t he  panels were mounted i n  t h e  hard suspension system. 

t h e i r  normal posit ion on the s ide  of t h e  s i r e n  t e s t  section. 
was again provided with t.40 25 lb. electromagnetic shakers attached 
horizontally t o  the  panel mounting fixture. 
l i nes ,  and damping coef f ic ien ts  were determined f o r  t he  fundamental vib- 
r a t i o n  modes a t  th ree  mean panel temperatures (room, 200°F and 3OOOF). 
non-contacting dynamic displacement pickup and standard read-out equipment 
were used to measure the dyriamic response of the  panels. 
was used t o  e s t ab l i sh  node l ines .  
from the decay rates of the  displacement pickup outputs recorded on an 
oscillograph. 
t h e  sonic fa t igue  tests.  

Exci ta t ion 

Resonant frequencies, node 

A 

A strobe l i g h t  
Damping coe f f i c i en t s  were determined 

Panel heat was supplied by t h e  quartz lamp ar rays  used f o r  

TEST DATA 

Sonic Fatigue Tests 

The sonic fatigue tes t  da t a  are tabulated i n  Table 1 and plot ted 
i n  Figure 21. 
cycles t o  f a i l u r e  f o r  each panel. 
level vs. average cycles t o  failure for each t y p  of panel a t  room 
temprature, 2W°F and 300OF. 

Table 1 contains test  frequencies, t i m e  t o  failure,  and 
Figure 2 1  i s  a p l o t  of sound pressure 
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* A t  160 db the av rage number of cycles t o  f a i lu re  f o r  the control % panels wa 0.440 x 10 a t  room temperature, 0.345 x lo6 a t  20O0F, and 

pressure level ,  the average number of cycles t o  f a i lu re  was 0,617 x 106 
a t  ambient temperature, 0.233 x lo6 at 2WF,  and 0.065 x 106 a t  3 W F .  

.060 x 10 t a t  3 W F .  For the visco-elastic panels a t  the same sound 

A t  154 db the a erage number of cycles t o  f a i lu re  f o r  the control 
was .866 x ld a t  room temperature, .993 x lo6 a t  2O0F, and 1.306 

rd at  30oOF. For the visco-elastic panels a t  the same so 
level ,  the  average r of cycles t o  failure as 1.93 x 10 a t  room 
temperature, 1.212 a t  2 W F ,  and -92 x 1 oy; a t  300OF. 

A t  148 db the a erage number of cycles t o  f a i lu re  or the control 
panels w a s  C.26 x 1 J a t  room temperature and 4.52 x 1 & j t  300OF. A t  
2OOOF and 154 db one control panel f a i l ed  a f t e r  4.49 x 1 
other two did not f a i l  within the 10 hour test l i m i t .  
e l a s t i c  panels fa i led  a t  any of the three test temperatures. 

cycles, while the 
A t  4 8  db no visco- 

The  sonic fatigue panel stress levels a re  tabulated i n  Table 2. 
These stress data are maximum peak-to-peak levels  obtained on the 
oscillograph during s i r e n  frequency surveys p r i o r ' t o  each test. 

Power spectral  density and probability density analyses of selected 

Figure 27 is a record of selected 
s t r a i n  gage data are  sham i n  Figures 22 to 25. 
density analysis of a pure sine wave. 
s t r a i n  gage oscilloscope displays. 
gage output vs. s i ren  frequency. 
s i r en  frequency surveys . 

Figure 26 is  a probabili ty 

Figures 28 t o  45 show plo ts  of s t r a i n  
These plots were obtained during the 

Structural  Shear Fatigue Tests 

The data from the s t ruc tura l  shear fatigue t e s t s  are tabulated i n  
Table 3 and plotted i n  Figure 46. Table 3 lists the web material, type 
of r ive t ,  t e s t  temperature, cycle ra te ,  peak load and cycles t o  failure 
for each panel. 
to  failure f o r  each type of panel. 

Figure 46 is a plo t  of temperature VI. average cycle6 

The average number of cycles t o  fa i lure  for the  control panels with 
round-head r i v e t s  w a s  28,543 a t  room temperature, 26,387 at  2WF,  and 
14,977 a t  W P F .  For the visco-elastic panels with round-head r ive ts ,  
the average number of cycles t o  f a i l u r e  was 30,632 at  room temperature, 
23,070 a t  2WF,  and 15,775 a t  3 0 0 O F .  The average number of cycles t o  
failure for the  visco-elastic panels with flush-head r i v e t s  was 29,300 
a t  roan temperature, 16,347 a t  2WF,  and 8,490 a t  300°F. 



Tables 4 and 5 contain s t a t i c  and dynamic s t r e s s  data,  respect ively,  -. 
f o r  each s t r u c t u r a l  fa t igue  t e s t  panel. 
obtained from oscillograph records during the load ca l ib ra t ion  runs 
p r i o r  to  the  ac tua l  tests.  
t he  t e s t s  were i n  progress. 

The s t a t i c  s t r e s s  l eve l s  were 

The dynamic s t r e s s  l e v e l s  were obtained while 

Axial-Load S t a t i c  Tensile Tests 

The d a t a  from the  axial-load s t a t i c  t e n s i l e  tests are tabulated i n  
Table 6 and plot ted i n  Figure 47. 
load s t a t i c  t e n s i l e  specimens w i l l  be categorized as follows: 

For the  purpose of brevity,  the axial-  

T,yEst &l ice  P l a t e  Rivet 
Material 

I Visco-elastic Round-Head 
Aluminum Round-Head I1 

I I1 Visco-elas t i c  Flus h-He ad 

The average ult imate s t a t i c  t e n s i l e  s t rength f o r  the  Type I specimens 
was 20.40 lb .  a t  room temperature, 194.4 lb .  a t  200°F, and 1642 lb .  a t  300OF. 
The average ult imate s t a t i c  t e n s i l e  s t rength for the  Type I1 specimens was 
2110 lb. a t  room temperature, 1897 l b .  a t  200°F, and 1592 lb .  a t  30O0F. 
For the Type I11 specimens, t he  average ultimate s ta t ic  t e n s i l e  s t r eng th  
was 1775 lb .  a t  room temperature, 1806 lb .  a t  2000F and 15% l b .  a t  3OOOF. 

S t a t i c  Shear Tests 

The da ta  from the  s t a t i c  shear tests a re  tabulated i n  Table 7 and 
plotted i n  Figure 48 .  
Lot #1 specimens tes ted  a t  the soaking temperature was 782 p s i  a t  room 
temperature, 632 p s i  a t  150°F, 486 p s i  a t  20PF,  495 p s i  a t  250°F, and 
331 psi a t  3000F. 
ature, the average ultimate s t a t i c  shear s t rength was 484 p s i  a t  room 
temperature, 339 p s i  a t  150°F, 169 p s i  a t  200°F, 212 p s i  a t  250°F, and 
165 psi  a t  300OF. The average ult imate s t a t i c  shear s t rength f o r  t he  Lot 
#1 specimens tes ted  a t  room temperature was 399 p s i  f o r  a soaking temper- 
ature of 250°F and 395 p s i  f o r  a soaking temperature of 300OF. 
Lot #2 specimens tes ted  a t  room temperature, the average ult imate s t a t i c  
shear s t rength was 351 p s i  f o r  a soaking temperature of 250°F and 285 p s i  
for a soaking temperature of 30O0F. 

The average ult imate s t a t i c  shear s t rength f o r  t he  

For the  Lot #2 specimens t e s t ed  a t  the  soaking temper- 

For the  
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Sonic Fatigue Panel Vibration Tests  

The da ta  from the sonic fa t igue panel  vibrat ion tests are tabulated 
i n  Table 8 .  
f o r  the first four  vibrat ion modes of a control panel and a visco-elast ic  
panel. 
room temperature only, and with a hard suspension system a t  room temperature, 
2 W F  and 30O0F. 

This t ab le  contains resonant frequencies and damping coe f f i c i en t s  

The v ibra t ion  t e s t s  vere conducted with a s o f t  suspension system a t  

For the cont ro l  panel the  resonant frequency of the first v ibra t ion  
mode, which was the fundamental mode of the center  bay sect ion,  was u;! 
cps at room temperature with the  s o f t  suspension system. With the  hard 
suspension system the  resonant frequency of t h i s  mode was 170 cps a t  room 
temperature, 177 cps a t  2 W F  and 177 cps a t  300OF. 

For the  visco-elast ic  panel the resonant frequency of t he  first 
v ibra t ion  mode was 152 cps a t  room temperature with the  s o f t  suspension 
system. With the  hard suspension system t h e  resonant frequency of t h i s  
mode was 170 cps a t  room temperature, 173 cps a t  200OF, and 177 cps a t  
3 W F .  

The damping coef f ic ien t  f o r  the first vibrat ion mode of the  cont ro l  
panel was .0103 at  room temperature with the s o f t  suspension system. 
the  same mode of the  visco-elast ic  panel, the damping coef f ic ien t  was 
.OUJ with t h e  same suspension system and temperature. 

For 

Node l i n e s  f o r  a l l  four v ibra t ion  modes of both panels a t  room 
temperature with both suspension systems are shorn i n  Figures 49 t o  52. 
The modal pa t te rns  did not change s igni f icant ly  a t  2 W F  and 300OF with 
the  hard suspension system. 

DISCUSSION 

Sonic Fatigue Tests 

The sonic f a t igue  test r e s u l t s  are d i f f i c u l t  t o  analyze precisely,  
because the  da t a  s c a t t e r  tends t o  de t r ac t  from the  accuracy of an average 
time or cycles  t o  failure obtained from only three test  panels. 
amount of scatter ind ica tes  t h a t  more than three panels should be t e s t ed  
a t  each SPL-temperature condition t o  obtain more accurate fa t igue  data .  

The 



The 160 db sound pressure l e v e l  vas s l i g h t l y  too  high f o r  the 
higher temperature t e s t s ,  because the  panels f a i l e d  so quickly a t  
these conditions t h a t  it was d i f f i c u l t  t o  obtain accurate data  and 
s t a b i l i z e  test  conditions.  

The 148 db sound pressure l e v e l  was too lo-d f o r  the 10 hour t es t  
l i m i t  r e s t r i c t i o n .  
a t  20PF and a l l  visco-elast ic  panels a t  a l l  three t e s t  temperatures 
d i d  not f a i l  within t h e  10 hour limit. T h i s ,  of course, reduced t h e  
amount of ava i l ab le  d a t a  f o r  comparing fa t igue  cha rac t e r i s t i c s  of the 
two types of panels. 

A t  t h i s  sound pressure l e v e l  two cont ro l  panels 

The sonic fatigue da ta  obtained from this t e s t  program, however, 
do indicate some trends.  
ure for  t he  visco-elast ic  panels are g rea t e r  than the  control  panels 
a t  each temperature-sound pressure l e v e l  tes t  condition. 
exception occurred a t  154 db and 300OF. 
pressure l e v e l  t h e  average cycles t o  f a i l u r e  f o r  both visco-elastic and 
control panels decreased as the  temperature increased, with the exception 
of the control  panels a t  154 db. 
t o  f a i l u r e  f o r  both visco-elastic and control  panels decreased as the  
sound pressure l e v e l  increased. 
t he  visco-elastic panels diminished as the  temperature increased. 

With one exception, the average cycles t o  f a i l -  

The one 
A s  expected, a t  each sound 

A t  each temperature the average cycles 

The superior i ty  i n  fa t igue  l i f e  of 

The most common type of sonic f a t igue  panel f a i l u r e  i s  shown i n  
Figure 53. 
from the r i v e t s  i n  the  panel center  bay sections and running along 
t h e  r i v e t  l i n e s .  
along the  s t i f f e n e r  r i v e t  l i n e s  f o r  both types of panels. A t  2000F and 
300OF most cracks appeared along t h e  flange r i v e t  l i n e s  f o r  both types 
of panels. Figure 54 shows a sonic fatigue visco-elastic panel f a i l u r e  
characterized by complete skin separation, which occurred on a l l  visco- 
e l a s t i c  panels t e s t ed  a t  300°F and 151 and 160 db. 
along the  f lange r i v e t  l i n e s  i n  t h e  outer  bay sections.  
post-test  examinations disclosed complete skin separation on a l l  sect ions 
of the webs. Better bonding techniques would undoubtedly enhance the  
sonic fatigue propert ies  of the  visco-elastic material ,  especial ly  a t  
t h e  higher temperature-sound pressure l e v e l  conditions. 
an uncommon sonic fatigue panel fa i lure  characterized by loss  of a web 
section. 
only a t  160 db and 200OF. 

These failures were characterized by cracks propagating 

During the  room temperature t e s t s ,  most cracks appeared 

These panels cracked 
Destructive 

Figure 55 shovs 

This explosive-type f a i l u r e  occurred on one cont ro l  panel 



The sonic f a t igue  panel stress da ta  showed t h a t  the control panels  
responded a t  much higher stress l e v e l s  than visco-elast ic  panels a t  the  
same sound pressure leve ls .  Otherwise, s t r e s s  cor re la t ion  was not good. 
This conditior, exis ted a t  a l l  sound pressure leve ls  and temperatures 
f o r  both types of panels. Even apparently iden t i ca l  panels produced 
subs t an t i a l ly  d i f f e r e n t  peak stress leve ls  tit the same temperature and 
sound pressure leve l .  Therefore, it was impossible t o  test a l l  panels 
i n  a group a t  the  same peak stress l eve l ,  since the  prescribed sound 
pressure l e v e l  had t o  be maintained. It was a l s o  impossible t o  maintain 
a complete log  of a c t u a l  panel stress levels  during tine t e s t  rms, s ince  
the  s t r a i n  gages general ly  f a i l e d  before completion of the tests. 

Four sonic f a t igue  panels ( # 5 ,  #6, #8 and #A$) were mounted i n  the  
s i r e n  test sec t ion  with the s t i f f ene r s  i n  a horizontal  posit ion instead 
of the  normal v e r t i c a l  posi t ion.  
e i t h e r  the  f a t igue  or stress data .  

No noticeable e f f e c t  vas evident on 

The ordinate  axes of the  s t r a i n  gage output vs. s i r e n  frequency 
p l o t s  i n  Figures 28 t o  45 are scaled u i t h  only approximate values of 
the  zero-to-peak stress levels .  
because the X-Y p l o t t e r  was ca l ibra ted  on the  basis of an expected 
s inusoidal  output or a 1.4l.4 peak t o  rms r a t i o  from the panel s t r a i n  
gages. 
accuracy a t  room temperature, "near-sinusoidal" a t  200°F, and somewhat 
complex a t  30oD F . 

The s t r e s s  sca les  a r e  only approximate 

Actual s t r a i n  gage wave forms were s inusoidal  within experimental 

The complex nature  of the panel response modes a t  3W°F was detected 
by oscil loscope observations, a deviat ion i n  the  frequencies a t  which 
the  maximum dynamic amplitude and stress leve l  peaked, probabi l i ty  dens i ty  
analyses, and power spec t r a l  dens i ty  analyses. Records of osci l losco 
displays (Figure 271, probabi l i ty  dens i ty  analyses ( F i r e s  24 and 25r 
and power spec t r a l  dens i ty  analyses (Figures 22 and 23 
of higher frequency modes i n  the  panel response. 
analyses def ine the  l ikelihood of a given amplitude occurrence. 
comparison, Figure 26 is a probabi l i ty  density ana lys i s  of a pure s i n e  
wave. 
by the  non-contacting displacement probe sometimes peaked a t  a frequency 
8 t o  10 cps lower than the  stress. 
when using the  displacement pickup t o  tune t h e  s i ren .  There were no 
obvious explanations for the  presence of higher frequency modes u i t h  
the  predominant fundamental mode i n  panels responding t o  d iscre te  
frequency exc i ta t ion .  

show the  presence 
Probabi l i ty  densi ty  

For 

During the  s i r e n  frequency sweeps, t he  dynamic amplitude monitored 

This f ac to r  was taken in to  account 
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During the sonic fatigue t e s t s ,  f luctuat ions or variat ions of t he  
panel fundamental resonant frequency were observed frequent ly  f o r  both 
t h e  visco-elastic panels and the  p l a i n  aluminum or control  panels, 
n e t  r e su l t  of these f luctuat ions was t h a t  t he  panels were responding 
a t  low amplitude and stress l e v e l s  during a s i g n i f i c a n t  portion of t he  
elapsed t e s t  time. 
could have had a detrimental  e f f e c t  on the  co r re l a t ion  of the  cycles or 
time-to-failure f o r  the series of t e s t  panels. 

The 

This response a t  a l e s s  than maximum stress l e v e l  

The f luc tua t ions  of t he  panel fundamental resonant frequency were 
especial ly  prevalent during the elevated temperature t e s t s  on both types 
of panels and during tests on the  visco-elast ic  panels a t  a l l  temperatures. 
These f luctuat ions were caused by: 

1. The damping c h a r a c t e r i s t i c s  of t he  visco-elastic material 

2 .  Loss of panel s t i f f n e s s  

3. Non-linear nature of the panel response 

4 .  Small var i a t ions  i n  the panel temperature d i s t r ibu t ion  

5 .  Thermal expansion o f  t he  panel mounting fixture 

Damping act ion of t he  visco-elast ic  webs was observed during some 
tes t  runs a t  steady-state conditions.  
out and then b u i l t  up t o  a maximum response amplitude again without any 
change i n  s i r e n  speed. On these occasions the  response amplitude could 
also be restored by a s l i g h t  adjustment of the  s i r e n  speed i n  e i t h e r  
d i rec t ion .  

These panels damped themselves 

Loss of s t i f f n e s s  was evident on both control  and visco-elastic 
panels during t h e  sonic f a t igue  tes t  program. 
characterized by a gradual drop i n  t h e  resonant frequency of the  fund- 
amental panel response mode during some t e s t  runs a t  steady-state 
conditions, including room temperature tests. On t h e  control  panels 
this reduction i n  s t i f f n e s s  was caused by the  working act ion of t he  
web around t h e  r i v e t s .  
on the visco-elast ic  panels was d e f i n i t e l y  caused by a reduction i n  
bonding s t rength,  e spec ia l ly  a t  t he  higher temperatures and sound 
pressure leve ls .  

This phenomenon was 

In  addi t ion t o  t h i s  reason, loss of s t i f f n e s s  

The non-linear nature of t he  panel response caused both visco- 
e l a s t i c  and control  panels t o  e x h i b i t  sharp drop-offs from the  peak 
stress l e v e l  when t h e  s i r e n  speed was increased s l i g h t l y  over the 
panel resonant frequency. 
process f o r  these panels extremely tedious,  because t h e  i n e r t i a  of 
the s i r en  r o t o r  would not allow immediate speed adjustments. 

This sudden drop-off made the  tuning 

22 



Although temperature va r i a t ions  on the panel webs uere held 
within 2 5% of the  m e a n  test temperature, t he  var ia t ions  which did 
occur within these  l i m i t s  were enough t o  cause small f luc tua t ions  
i n  t h e  fundamental resonant frequency of the panel center  bay sect ion.  
These small frequency va r i a t ions  necessitated continual minor tuning 
adjustments throughout the  t e s t  runs. 

The thermal expansion of the  panel mounting f i x t u r e  caused 
f luc tua t ions  of the  panel resonant frequencies by changing the 
degree of r e s t r a i n t  on the  panel edges. As the massive s t e e l  f i x t u r e  
slowly heated up during progressive test runs throughout the  day, the  
gradual thermal expansion of the  f i x t u r e  resulted. i n  a slow increase 
i n  the  degree of r e s t r a i n t  on t h e  panel edges, with a r e su l t an t  increase 
i n  the  resonant frequency of the  panel center bay sect ion.  

Since there  are no p r a c t i c a l  means o f  el iminating a l l  the  c- =US e S 
of the  frequency f luc tua t ions ,  b e t t e r  comparative sonic  f a t igue  da ta  
could be obtained f o r  v i sco-e las t ic  and plain aluminum mater ia l  by 
using random or broad-band exc i ta t ion  instead of d i sc re t e  o r  narro-d- 
band exc i t a t ion .  
cha rac t e r i s t i c s  of f luc tua t ing  resonant frequencies, s ince  the  panels 
would. always respond a t  maximum amplitude even though the resonant 
frequency sh i f t ed  subs t an t i a l ly  throughout t h e  t e s t .  

Random exc i t a t ion  would negate the undesirable 

S t ruc tu ra l  Shear Fatigue Tests  

The r e s u l t s  of t he  s t r u c t u r a l  shear fa t igue  t e s t s  shov t h a t  the  
fa t igue  l i f e  of round-head r ive ted  and flush-head r ive ted  visco-elast ic  
panels and round-head r ive ted  cont ro l  panels decreased as  the  temperature 
increased t o  300OF. 
i n  fa t igue  l i f e  a t  3000F. 
cont ro l  panels had a comparable f a t igue  l i fe  a t  a l l  th ree  t e s t  temper- 
a tures .  
w a s  comparable t o  the  other two types of panels a t  room temperature, 
but s i g n i f i c a n t l y  less a t  20PF and 300OF. 

The cont ro l  panels displayed a sharp drop-off 
The round-head r ive ted  visco-elast ic  and 

The f a t igue  l i f e  of the flush-head r ive ted  visco-elast ic  panels 

I n  comparing the  f a t igue  l i f e  of visco-elastic and control  panels, 
two fac to r s  m u s t  be considered. The e f fec t ive  shear area of the  visco- 
e l a s t i c  panels was only 80% of the  control panels and the  applied load 
t o  the v isco-e las t ic  panels w a s  only 67% of  the  cont ro l  panels. 
it is d i f f i c u l t  t o  extrapolate  accurately the  visco-elast ic  panel s t ruc-  
tural f a t igue  da ta  from t h i s  program t o  provide :orrelation of fa t igue  
l i f e  f o r  v i sco-e las t ic  and cont ro l  panels with equal shear  areas and 
applied loads, such an extrapolat ion would undoubtedly shcv the  s t r u c t u r a l  
fatigue l i f e  of round-head r ive ted  visco-elast ic  panels t o  be s l i g h t l y  
less than the  cont ro l  pane ls  a t  a l l  three test  temperatures and the fatigue 
life of flush-head r ive ted  visco-elast ic  panels t o  be s l i g h t l y  less than 
the con t ro l  panels a t  room temperature and s ign i f i can t ly  l e s s  a t  200°F and 
3000F. 

Although 
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The webs of t he  visco-elast ic  and control  panels were not designed 
with the same shear area because one of the object ives  of t h i s  t e s t  
program was t o  determine host much reduction i n  s t r u c t u r a l  f a t igue  l i f e  
would r e su l t  i f  visco-elastic mater ia l  were subs t i t u t ed  f o r  p la in  
aluminum material without accepting a weight penalty due t o  the  presence 
of the elastomer in te r layer .  Actually, a more comprehensive program 
would consist  i n  t e s t i n g  one set  o f  visco-elast ic  and con t ro l  panels 
with equal web shear areas and another se t  with equal  web dens i t i e s .  

The difference i n  applied loads t o  t h e  visco-elast ic  and control  
panels was a r e s u l t  of t he  sti u l a t ion  t h a t  t he  peak load of a l l  panels 
be the same multiple value ( 4 x  P of t h e  c r i t i c a l  buckling load f o r  each 
type of panel. 
panels was only 67% of the  control  panels, t he  peak applied loads 
differed by t h e  same amount. 
approximately t h e  same maximum deflect ions and stresses i n  t h e  visco- 
e l a s t i c  and con t ro l  panels, a b e t t e r  comparative measure of f a t igue  
l i f e  would have been provided with equal loads. 
sive program would cons is t  i n  t e s t i n g  sets of visco-elast ic  and control  
panels with seve ra l  d i f f e r e n t  peak loads. 

Since the c r i t i c a l  buckling load of t h e  visco-elast ic  

Although the  unequal applied loads produced 

Again, a more comprehen- 

Good correlat ion was obtained between s t a t i c  and dynamic stress 
l eve l s  f o r  a l l  panel webs. 
and control panel webs were approximately the  same a t  a l l  t e s t  conditions.  
No d i f f i c u l t i e s  were encountered with s t r u c t u r a l  f a t igue  panel instrument- 
a t ion  throughout t he  t e s t  program. 

The maximum s t r e s s  l e v e l s  f o r  visco-elast ic  

The s t r u c t u r a l  f a t igue  da ta  s c a t t e r  indicated t h a t  more than t h r e e  
panels should be t e s t ed  t o  obtain a good average f a t i g u e  l i fe .  I n  t h i s  
program three  flush-head r iveted visco-elastic panels, th ree  round-head 
riveted control  panels, and twelve round-head r ive ted  visco-elastic 
panels were tested a t  each of three temperatures. 

The most common mode of s t r u c t u r a l  f a t igue  panel failure i s  shown 
These f a i l u r e s  were characterized by cracks propagating i n  Figure 56. 

from cap or s t i f f e n e r  r i v e t s  i n  the  bay corners. 
above mode of  failure is shown i n  Figure 57. 
on a l l  three control  panels t e s t ed  a t  300°F and was characterized by 
shearing of cap r i v e t s .  

An exception t o  the  
This exception occurred 



Axial-Load S t a t i c  Tens i le  Tests 

The r e s u l t s  of the axial-load s t a t i c  t ens i l e  tests may be 
summarized as follows: 

1. A t  room temperature, the ultimate s t a t i c  t e n s i l e  s t rength of 
t he  specimens with aluminum spl ice  p la tes  and round-head r i v e t s  
was s l i g h t l y  grea te r  than the  specimens v i t h  visco-elastic 
s p l i c e  p l a t e s  and round-head r i v e t s  and approximately 20% 
grea te r  than the specimens with visco-elastic sp l i ce  p la tes  
and flush-head r ive t s .  

2. A t  2 W F ,  the  ult imate s t a t i c  tens i le  s t rength  of the 
specimens with visco-elast ic  spl ice  p l a t e s  and round-head 
r i v e t s  w a s  s l i g h t l y  g rea t e r  than the  specimens with aluminum 
sp l i ce  p l a t e s  and round-head r ive t s  and approximately 8% 
grea te r  than the  specimens with visco-elastic sp l i ce  p l a t e s  
and flush-head r ive t s .  

3. A t  30O0F, the  ult imate s ta t ic  t ens i l e  s t rength of the  specimens 
with visco-elast ic  sp l i ce  p la tes  and round-head r i v e t s  was 
s l i g h t l y  grea te r  than both the specimens with aluminum 
sp l i ce  p l a t e s  and round-head r ive t s  and the specimens with 
visco-elast ic  sp l i ce  p l a t e s  and flush-head r i v e t s .  

4 .  The ultimate s t a t i c  t e n s i l e  s t rength of both the specimens 
w i t h  v isco-elast ic  sp l i ce  p la tes  and round-head r i v e t s  and 
the  specimens with aluminum spl ice  p la tes  and round-head 
r i v e t s  decreased as the  tes t  temperature increased. 

5 .  The ult imate s t a t i c  t e n s i l e  s t rength of t he  specimens with 
visco-elast ic  sp l i ce  p l a t e s  and flush-head r i v e t s  increased 
very s l i g h t l y  from room temperature t o  200°F, and then 
decreased from 2000F t o  3000F. 

Figure 58 shows typ ica l  axial-load s t a t i c  t e n s i l e  specimen f a i lu re s .  
The specimens i n  each group were very consistent i n  the ult imate s t a t i c  
t e n s i l e  s t rength  and mode of f a i lu re .  A t  room temperature, failure of 
specimens with visco-elast ic  sp l i ce  plates  and round-head r i v e t s  was 
produced by a combination of t ea r ing  of the visco-elast ic  material and 
shearing of r ive t s .  
elastic sp l i ce  p l a t e s  and round-head r i v e t s  was produced by shearing of 
rivets. 
visco-elast ic  sp l i ce  p l a t e s  and flush-head r i v e t s  was produced by 
tear ing of the  visco-elast ic  mater ia l  a t  the  r ive t s .  

A t  200°F and 3 W F ,  f a i l u r e  of specimens with visco- 

A t  a l l  three test temperatures, f a i l u r e  of specimens with 

A t  a l l  three  tes t  
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temperatures, f a i l u r e  of specimens with p la in  aluminm sp l i ce  p l a t e s  
and round-head r i v e t s  was produced by shearing of r i v e t s .  The ul t imate  
s t a t i c  t e n s i l e  s t rength of a l l  specimens i n  each group was within 2 10% 
of the average value. Discounting the  tests a t  room temperature with 
the specimens with visco-elast ic  s p l i c e  p l a t e s  and flush-head r i v e t s ,  
the  ultimate s t a t i c  t e n s i l e  s t rength of a l l  specimens i n  each group 
was within 2 A.58 of the  average value. 

S t a t i c  Shear Tests 

The r e s u l t s  of t he  visco-elast ic  material s t a t i c  shear tests 
conducted a t  t he  soaking tempe,rature s h m  t h a t  the  s t a t i c  shear s t r eng th  
of the visco-elastic material decreases as the  temperature increases 
from room temperature t o  300°F and t h a t  the s t a t i c  shear s t rength of 
t he  specimens cu t  from the  24 inch x 24 inch l o t  s i z e  shee ts  (Lot #1) is 
substant ia l ly  g rea t e r  than the  36 inch x 48 inch l o t  s i z e  shee ts  (Lot 
#2) through the e n t i r e  test temperature range. 
24 inch x 24 inch shee ts  were used as webs f o r  the  sonic f a t igue  panels 
and the s t r u c t u r a l  f a t igue  panel webs were cu t  from the 36 inch x 48 inch 
sheets, it may be surmised t h a t  t h e  s t r u c t u r a l  f a t igue  panel webs had a 
lower bonding efficiency. 

Therefore, s ince  t h e  

The r e s u l t s  of the  visco-elastic mater ia l  s t a t i c  shear t e s t s  
conducted a t  room temperature after soaking a t  prescribed temperatures 
are inconclusive because of an in su f f i c i en t  number of specimens. 

Sonic Fatigue Panel Vibration Tests 

The r e s u l t s  of the  sonic f a t igue  panel vibrat ion t e s t s  may be 
summarized as follows: 

1. The resonant frequency of t he  fundamental vibrat ion mode of 
t he  center bay section was approximately the  same for both 
the  control  and visco-elast ic  panels. Therefore, s ince  the  
dens i t i e s  of t he  two panels were approximately the  same, so 
also were the  bending s t i f fnes ses .  

2. The damping coe f f i c i en t  for the fundamental center bay mode 
of the  visco-elastic panel was approximately 40% greater  
than t h e  same mode of t he  cont ro l  panel with the s o f t  
suspension system. 

26 



3. The f l e x i b i l i t y  of the panel mounting fixture reduced the 
damping of  both panels with the hard suspension system. 

4. The modal pa t te rns  f o r  the control panel were approximately 
the  same with both the hard and s o f t  suspension systems; the 
shapes of the higher modes of the visco-elast ic  panel changed 
somewhat with the two suspension systems. 

5 .  Changing t o  the hard suspension system increased the  resonant 
frequency of the  lower modes for  both panels; heating the 
panels produced t h e  same results. 

6. The fundamental v ibra t ion  mode of the  center  bay sect ion of 
both panels was at a lower resonant frequency than any other  
made. 

CONCLUSIONS 

Results of t h i s  program for invest igat ing t h e  fatigue performance 
of visco-elast ic  panels a t  elevated temperatures lead t o  the following 
conclusions : 

1. Scat te r  and in su f f i c i en t  quantity of sonic fatigue data 
gathered i n  t h i s  program prohibit  f i r m ,  unqualified recom- 
mendations for a i r c r a f t  design purposes; however, the  
trend of t he  da ta  showed longer sonic f a t igue  l i fe  for t he  
visco-elast ic  material a t  a l l  r e a l i s t i c  temperature-sound 
pressure level conditions,  with the  supe r io r i ty  diminishing 
a t  3 W F  and the  higher sound pressure leve ls .  

2. Better bonding techniques would enhance the  sonic fatigue 
propert ies  of the visco-elast ic  material, espec ia l ly  a t  
t h e  higher temperature-sound pressure l e v e l  conditions. 

3. Fluctuating resonant frequencies caused- by t h e  damping character-  
i s t i c s  of the visco-elast ic  material ,  t h e  non-linear nature 
of  the  panel response, small var ia t ions i n  the panel temperature 
d i s t r ibu t ion ,  and thermal expansion of the  panel mounting f ixture  
adversely affected the correlat ion of  the sonic fa t igue  da ta  
obtained with d i s c r e t e  exci ta t ion;  b e t t e r  comparative sonic 
f a t igue  da ta  for visco-elast ic  material and p la in  aluminum 
could be obtained by conducting the  sonic f a t igue  tests i n  t h e  
random siren f a c i l i t y  instead of t he  d i sc re t e  s i r e n  f a c i l i t y .  
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4 .  Better comparative sonic f a t i g u e  data  f o r  visco-elastic material 
and p l a in  aluminum could a l s o  be obtained by t e s t i n g  more than 
three  panels a t  each temperature-sound pressure l eve l  condition 
and by t e s t i n g  each panel t o  failure.  

5 .  Although d i r e c t  correlat ion of visco-elast ic  and plain 
aluminum s t r u c t u r a l  fatigue da ta  is d i f f i c u l t  due t o  
differences i n  applied loads and shear areas, extrapolation 
of the visco-elast ic  d a t a  would show t h a t  the s t r u c t u r a l  
fa t igue  l i f e  of round-head r ive t ed  visco-elast ic  panels was 
s l i g h t l y  l e s s  than t h e  con t ro l  panels from room temperature 
'to 300°F and the  fatigue l i f e  of flush-head r iveted panels 
was s l i g h t l y  less than the  control  panels a t  room temperature 
and s ign i f i can t ly  less a t  200°F and 300OF. 

6 ,  Better comparative s t r u c t u r a l  f a t igue  da ta  f o r  visco-elastic 
material and plain aluminum could be obtained by t e s t i n g  sets  
of visco-elast ic  and con t ro l  panels with both equal web 
shear areas and equal web dens i t i e s ,  with seve ra l  d i f f e r e n t  
applied peak loads, and with more than three panels per se t .  

7. The s t a t i c  t e n s i l e  s t r eng th  of round-head r iveted j o i n t s  i n  
the  visco-elastic mater ia l  was comparable t o  standard j o i n t s  
i n  aluminum a t  temperatures up t o  30O0F; t h e  s t a t i c  t e n s i l e  
s t rength of flush-head r ive t ed  j o i n t s  i n  the  visco-elastic 
material was comparable t o  standard j o i n t s  i n  aluminum a t  
30O0F, but s i g n i f i c a n t l y  lower a t  room temperature. 

8. The s t a t i c  shear s t r eng th  of t he  visco-elast ic  mater ia l  
decreased s ign i f i can t ly  as the  temperature increased from 
70 t o  300°F and a l s o  varied with sheet s i z e .  

9. The crack detect ion system consisting of a painted metallic 
s t r i p  interwoven along t h e  r i v e t s  and connected t o  a ba t t e ry  
and alarm b e l l  was a r e l i a b l e  method f o r  determining the  time 
of i n i t i a l  crack formation and eliminated the  necessity of 
visual inspections during the  test  runs. 

The overall  tes t  r e s u l t s  show t h a t  t h e  objectives of t h i s  program were 
accomplished s a t i s f a c t o r i l y ,  s ince  subs t an t i a l  knowledge has been gained 
about the r e l a t i v e  sonic and s t r u c t u r a l  fatigue propert ies  of visco-elast ic  
material a t  ambient and elevated temperatures. 
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APPENDIX A 

TEST SFECIMEN DESIGN PHIWSOPHY 

Sonic Fatigue Panels 

The sonic fa t igue  t e s t  panels were designed so t h a t  the fa t igue  
s t rength of the web s t ructure  would be the major f a c t o r  during the 
t es t  program. 
Umit  under the prescribed t e s t i n g  conditions (sound pressure l e v e l  and 
thermal environment), while the  s t i f f ene r s  and supporting flanges were 
designed not t o  f a i l  under the same conditions. Three visco-elast ic  
panels, i den t i ca l  t o  the panels designed f o r  t h i s  program except f o r  
very minor changes, were successfully tes ted previously i n  a company-sponsored 
program. 
design f o r  t h i s  program, the sonic fatigue propert ies  of two types of web 
material  (visco-elastic sheets and plain aluminum sheets) could be compared 
under three thermal environments a t  three sound pressure l eve l s  without 
having f a i lu re s  i n  other panel components i n t e r f e r ing  with the test results. 

The webs were designed t o  f a i l  within the  10 hour test  

Therefore, there  was reasonable assurance tha t ,  with the  panel 

The overall s i ze  of the sonic fatigue panels was 24 x 24 inch. The 
panel  flanges were fastened t o  the  support f i x t u r e  i n  a manner which allowed 
only normal forces  t o  be transmitted t o  the panel. 
three bays, u i t h  the center bay having a 10 inch width. 
. 0 5 l i n c h  was selected for the  p l a in  aluminum webs of the  control  panels 
so t h a t  these webs vould have the same density a s  the .060 inch th i ck  
visco-elastic webs. 
from f l a t  sheet stock. 

The panels consisted of 
A thickness of 

A l l  parts of the  sonic fa t igue  panels were fabr ica ted  

S t ruc tura l  Shear Fatigue Panels 

The s t ruc tu ra l  shear fa t igue  tes t  panels were designed so t h a t  t he  
fat igue s t rength of the  web s t ruc tu re  a lso would be the  major f ac to r  
during the  test  program. 
within the !iO,OOO load cycle l i m i t  under the  prescribed loading conditions. 
On the  other hand, the s t i f f ene r s ,  caps, and end attachments were designed 
not t o  f a i l  under the same conditions. 
shear fa t igue propert ies  of two types of web material (visco-elast ic  shee ts  
and plain aluminum sheets) and two types of web fas teners  (round-head r i v e t s  
and flush-head r ive t s )  could be compared under three temperature environments 
without having failures i n  other  panel components i n t e r f e r ing  with the  test 
resu l t s .  

In  other  words, the webs were designed t o  f a i l  

In t h i s  manner, the  s t r u c t u r a l  



The above c r i t e r i a ,  together with the o v e r a l l  panel s i z e  and the  
available visco-elastic panel thickr:ess, d i c t a t ed  the  s i z e s  f o r  the  
caps, s t i f f ene r s  and end attachment f i t t i n g s .  
37.5 inch x 12 inch vas selected t o  conform approximately with the  
proposed s i z e  and t o  permit cu t t i ng  three  webs from each visco-elast ic  
sheet  on order. The panels consisted of th ree  bays, each 10.5 inch wide, 
with 3 inches on each end t o  make an  adequate shear attachment. The caps 
and shear web on each panel were connected t o  react ion o r  load appl icat ion 
f i t t i n g s  (end attachment f i t t i n g s )  i n  a maimer which provided symmetrical 
load phtns. 

An o v e r a l l  panel s ize  of 

A thickness of .051 inch was selected f o r  t h e  p l a in  aluminum webs of 
the  control panels so t h a t  these webs would have t h e  same densi ty  a s  the  
.060 inch thick visco-elast ic  webs. 
were not designed with the  same shear area because one of the object ives  
of t h i s  t es t  program was t o  determine how much reduction i n  s t r u c t u r a l  
fatigue l i f e  would r e s u l t  i f  visco-elast ic  mater ia l  were subs t i t u t ed  f o r  
plain aluminum mater ia l  without accepting a weight penalty due t o  t h e  
presence of the  elastomer in t e r l aye r .  
of . O 5 l  inch and the high aspect r a t i o  of t he  panel r e su l t ed  i n  a very 
high calculated buckling shear load. 
was four times the  c r i t i c a l  buckling load, the caps, s t i f f e n e r s ,  and end 
attachment f i t t i r igs  were designed of heavy s t ruc tu re  t o  reduce s t r e s s e s  
and prevent fa t igue  f a i l u r e s  i n  these p a r t s  during the  t e s t s .  

The webs from the  two types of panels 

The plain aluminum web thickness 

Since the  maximum applied load 

Axial-Load S t a t i c  Tensile Specimens 

The axial-load s t a t i c  t e n s i l e  specimens were designed t o  compare 

The t e s t  specimens consisted 
riveted j o i n t  cha rac t e r i s t i c s  of visco-elast ic  and conventional aluminum 
sheets a t  three d i f f e r e n t  temperatures. 
of t w o  loading p l a t e s  joined together with a s p l i c e  p la te .  
p l a t e s  were spot-welded t o  the ends of t he  loading p l a t e s  t o  prevent the  
loading pins from shearing through the  loading p l a t e s  before a f a i l u r e  
occurred i n  the  j o i n t  section. The loading p l a t e s  were constructed of 
.063 inch thick aluminum sheet stock f o r  a l l  (72)  specimens. 
p l a t e s  were constructed of e i t h e r  .Ob0 inch thick aluminum sheet stock 
o r  .060 inch th i ck  visco-elastic sheet  stock. Since the  visco-elast ic  
sheets were constructed with .020 inch thick aluminum skins  and an .020 
inch thick elastomer in t e r l aye r ,  t he  visco-elastic and s o l i d  aluminum 
sp l i ce  p l a t e s  had the  same axial s t i f f n e s s .  
t he  splice p l a t e s  and loading p l a t e s  together were e i t h e r  round-head o r  
flush-head. 
comparative ult imate t e n s i l e  s t rength data  on two types of material a t  
t h ree  d i f f e ren t  temperatures. 

Reinforcement 

The s p l i c e  

The r i v e t s  which joined 

Therefore, the axial-load s t a t i c  t e n s i l e  tests produced 



S t a t i c  Shear Specimens 

The visco-elastic material s t a t i c  shear tes t  program was se t  up 
t o  determine tr,e -{ariation of the s t a t i c  shear s t rength with temperature 
and l o t  s i ze .  I t  vas desirous t o  learn  whether heat deter iorated t h e  
q u a l i t y  of bondkg betveen the aluminum skins and elastomer in t e r l aye r  
and whether the  tonding on 36 inch x 18 inch l o t  s i z e  sheets  was poorer 
q u a l i t y  than the 24 inch x 24 inch l o t  s ize  shee ts  as indicated by the  
non-destructive inspection process and fabrication d i f f i c u l t i e s  encountered 
by t h e  manufacturer. 

The speckens  were prepared as shown i n  Figure 18 so t h a t  the s ta t ic  
shear s t rength of the  bond layer  could be determined independent of the  
aluminum skins .  The specimens uere 9-1/2 inch long and 1 inch wide, 
and t h e  e f f ec t ive  shear area was 1 square inch. 
prepared by machine-milling a 1/8 inch cut through each facing s ide .  
razor blade was used t o  cu t  through the  s i l i cone  i n t e r l a y e r  and sever any 
possible linkgge t h a t  might contribute t o  an increase i n  lap-shear strength.  
To determine the e f f e c t  of l o t  s i z e  on the s t a t i c  shear strength,  t he  first 
l o t  specimens were cu t  from a 24 inch x 24 inch visco-elastic sheet,  while 
t h e  second l o t  specin;ens were obtained from 36 inch x 48 inch visco-elastic 
sheet.  The 24 inch x 24 inch s i z e  sheet was used t o  construct the sonic 
fa t igue t e s t  pzneis, while the s t ruc tu ra l  f a t igue  panels were cu t  from 
t h e  l a rge r  s i z e  sheet.  

The 1 inch over-lap was 
A 



STiUIN GAGE CALIBRkTIO>l TECHNIaUE 

T h i s  section describes the technique used t o  convert oscil lograph 
records of sonic and s t ruc tu ra l  shear fa t igue  panel s t r a i n  gage outputs t o  
peak-to-peak or  zero-to-peak s t r e s s  values. For both sonic and s t r u c t u r a l  
fatigue tes t  panels, the s t r a i n  gage bridge consisted of one ac t ive  arm 
on the panel and three dummy r e s i s t o r s .  
by balancing the  bridge, w i t ch ing  a cal ibrated r e s i s t o r  across one arm 
of the  bridge, and recording the  r e su l t i ng  displacement on the  osc i l l o -  
graph. For a one active arm bridge, the  zero-to-peak stress value of 
this displacement i s  calculated as follows : 

The cal . ibrat ion was accomplished 

where So-*= zero-to-peak s t r e s s  value of oscil lograph displacement, 
p s i  

E = Young's odulus of e l a s t i c i t y  f o r  panel material 
(10 x 10 8 p s i  f o r  aluminum) 

R = resistance of each bridge arm, ohms 

Rc = resistance of cal ibrated r e s i s t o r ,  ohms 

F = gage f a c t o r  f o r  s t r a i n  gage 

To obtain ac tua l  t e s t  s t r e s s  leve ls ,  peak-to-peak o r  zero-to-peak 
amplitudes on the  oscillograph t r aces  were compared d i r e c t l y  with 
the calibrated displacements. 
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APYE1,I)IX c 

PAIiJTW CIRCUIT CRACK BLT5CTIGN SYSTEM 

An automatic crack detection system;ras inkoduced i n t o  the  sonic 
fa t igue program during the  3OoOF tests t o  supplement End eventually 
replace t h e  v i s u a l  inspection method. T n i s  system was used on the  three  
con t ro l  panels t e s t e d  a t  300°F cnd 154 db, the three visco-elastic panels 
t e s t ed  a t  300°F and U8 db, the  three control Fanels t e s t ed  a t  300°F and 
160 db, and the  th ree  visco-elastic panels tes ted  a t  3 G O O F  and 154 db. 
By using this  system, exact f a i l u r e  times vere obtained and the  necessi ty  
of shu t t ing  down the  s i r e n  and heating system f o r  v i sua l  inspections on 
both s ides  of t h e  panels was eliminated. 
fatigue da ta  were obtained and the overall  t e s t  time vas reduced. 

As a r e s u l t ,  more accurate 

The crack de tec t ion  system consisted of a painted metal l ic  s t r i p  

The system was capable of  detect ing short ,  hair- l ine 
interwoven along the  center bay r i v e t  l ines  and connectej. t o  a ba t t e ry  
and alarm bell .  
cracks propagating from center bay r ive t s  (See Figure 59). Subsequent 
inspection of t he  panels shared t h a t  the cracks did extend through the  
paint  and i n t o  the  metal. 
might becone too  b r i t t l e  and crack before the  m e t d  skin cracked, 
e spec ia l ly  a t  t he  higher sound pressure levels axA teqieratures.  
t he  paint  i n  as t h i n  a layer  as possible helped prevent premzture paint  
cracks. 

I t  had been previously feared t h a t  the  paint  

Applying 
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Panel 
No. 

3 
4 
29 

A v e  . 

7 

5 
6 
7 

A v e  . 
8 
9 
10 

A v e  . 
30 
31 
32 

A v e  . 
33 
34 
35 

36 
37 
38 

A v e  . 
11 
12 
13 

Ave . 
14 
15 
16 

Ave . 

A v e  . 

34 

Type 
Panel  

Control 
Control 
Control 

- 

Control 
Control 
Control 

Control 
Control 
Control 

V/E 
V/E 
V/E 

V/E 
V/E 
V/E 

V/E 
V/E 
V/E 

Control 
Control 
Control 

Con t ro 1 
Control 
Control 

SPL 
db 

148 
148 
14 8 

154 
154 
154 

160 
160 
160 

148 
148 
148 

154 
154 
154 

160 
160 
160 

148 
148 
148 

154 
154 
154 

TABLE 1 

SONIC FATIGUE TEST RESULTS 

T 
O F  - 
Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

200 
200 
200 

200 
200 
200 

0 
C PS 

166-172 
166-168 
162- 166 

- 

173 -177 

172 
182-186 

188 
175-1.77 
172-173 

131-136 
127-131 
133-135 

116-128 
116-128 
117-133 

127-131 
120-124 
122-144 

190-209 
208-212 
208 

174-198 
174 
208 

tF min. 
7 

540 
465 
270 
468 

100 
70 
75 

7 5  

41 
41 
42 

Ti .  7 

~OO(N.F. ) 

El::;: 1 
150 
300 
I_ 300 
250 

66 

66 
Ti 

630( N . F. ) 
840(N.F. ) 
360 
610 

157 
65 
48 
90 

111 

- 

6 ,  
x 10-6 

5.46 
4.55 
2.65 
4.26 

1.05 
774 
.773 

--3G 

.b63 
,433 
435 

.440 

4.65 
4.59 
T 
1 .og 
2.24 
2.45 
1.93 

-- 

4.78 

.510 

.813 

--b17 

7.55 
10.60 
4.49 
7-55 

1.70 

527 

.678 

.600 
9 993 



Panel 
No. 

17 
18 
19 

Ave . 
39 
40 
41 

Ave . 
42 
43 
44 

45 
46 
47 

Ave . 
20 
21 
22 

Ave . 
23 
24 
25 

Ave . 
26 
27 
28 

Ave . 

Ave . 

Type 
Panel 

Control 
Control 
Control 

- 

V/E 
VIE 
V I E  

VIE 
VIE 
VIE 

VIE 
V/E 
V/E 

Cont ro l  
Control 
Control 

Control 
Control 
Control 

Control 
Control 
Control 

TABLE 1 (Cont 'd) 

SONIC FATIGUE TEST RESULTS (Cont'd) 

SPL 
db - 
160 
160 
160 

148 
148 
148 

154 
154 
154 

160 
160 
160 

148 
148 
148 

154 
154 
154 

160 
160 
160 

T 
F 

200 
200 
200 

0 - 

200 
200 
200 

200 
200 
200 

200 
200 
200 

300 
300 
300 

300 
300 
300 

300 
300 
300 

e 
CPS 

206 
204 
195-197 

- 

158-164 

151-158 
160-163 

146-165 
150-152 
166 

166 
173-186 
168-170 

169-209 
145-213 
181-207 

114-128 
12 3 -124 
124-132 

198-208 
164 
168 

t F  
min . - 

16 
6 

14 
12 
- 
630(N .F. ) 

720(N.F. ) 
600 ( N .F. ) 

650 
120 
212 
60 

131 

16 
21 
31 

23 

390 
390 
480 
420 

266 
n 

148 m 
35" 
4 
8 

-5 

- 

'I? 4 
x 10 

198 
.165 

.145 
6.05 
5.80 
6.65 

-6.18 

1.119 
1.92 
.sss 

073 

1.212 

159 
.227 
.314 

m 
4.49 

k;[ 

;;;z 2.21 

.423* 
039 .& -x@ 

* Test  resul ts  inva l id  due t o  loss  of power t o  heating unit  a t  unkncwn 
time. 
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TABLE 1 (Cont'd) 

Panel 
No. 

48 
49 
50 

Ave . 
51 
52 
53 

Ave . 
54 
55 
56 

- 

Ave . 

SONIC FATIGUE TEST RESULTS (Cont'd) 

tF -6 
SPL T 0 

OF db min. x 10 - CPS - - - 
148 300 143-162 ~OO(N.F. ) 5-51 
148 300 187-199 630(N.F.) 7.49 
148 300 149-168 ;;;(N.F. 1 w; 
154 300 125-127 165** 1.25~ 
154 300 122-132 57** .511** 

1.01** 154 300 141-150 1 1 8 ~  - 
160 300 166 7 =  . V(O** 
160 300 186-166 6 -  .063** 
160 300 176 6 *  *063 

113 -92 

6.3 
*Test results invalid due to loss  of power to heating 
unit at unknown time. 

3c-)c Post test examination disclosed complete skin separation 
on web. 



Panel 
NO. 

3 
4 

29 
Ave 

5 
6 
7 

Ave . 
8 
9 

10 
Ave . 
30 
31 
32 

Ave . 
33 
34 
35 

Ave . 
36 
37 
38 

- 

Ave 

11 
I 2  
13 

Ave . 
14 
15 
16 

AVe. 

Type 
Panel 

Control 
Control 
Control 

- 

Control 
Control 
Control 

Control 
Control 
Control 

V/E 
V/E 

Y/E 
V/E 
V/E 

V/E 
VIE 
V/E 

Control 
Control 
Control 

Control 
Control 
Control 

T 
OF - 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

Room 
Room 
Room 

200 
200 
200 

200 
200 
200 

TABLE 2 

SONIC FATIGUE PANEL STRESS 

SPL 
db 

148 
148 
148 

154 
154 
154 

160 
160 
160 

- 

148 
148 
148 

154 
154 
154 

160 
160 
160 

148 
148 
148 

154 
154 
154 

7,090 
12,030 
14,630 
11,250 

Z:E 
30 9 300 
27,200 

36,030 
32,050 
27,100 
3,725 

4,425 :;;5 
14,575 
14,300 

+l$g 
14,900 
15 , 350 
16,850 
15,700 

16,345 

30,400 

- 
11,830 

+E$% 
19,620 

2% 
21,270 
18,225 rn 
% 

gE 

7,855 
7,775 

15,500 
17,075 

15,525 

% 
12,015 
10,520 
U J 3 5  
11,225 

16,%5 
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Panel 
no. 

17 
18 
19 

39 
40 
41 

Ave . 
42 
43 
44 

Ave . 
45 
45 
47 

- 

Ave . 

Ave . 
20 
21 
22 

Ave . 
23 
24 
25 

Ave . 
26 

28 
27 

Ave . 

38 

me 
Panel 

C ontro 1 
Control 
Zontrol 

- 

VIE 
VIE 
V I E  

VIE 
VIE 
VIE 

VIE 
VIE 
VIE 

Contro l  
Control 
Control 

Control  
Control 
Control 

Control 
Control 
Control 

TABLE 2 (Cont'd) 

SONIC FATIGUE PANEL STRESS (Cont'd) 

T 
OF - 

200 
200 
200 

200 
200 
200 

200 
200 
200 

200 
200 
200 

300 
300 
300 

300 
300 
300 

300 
300 
300 

SPL 
ab 

160 
160 
160 

7 

148 
148 
148 

154 
154 
154 

160 
160 
160 

148 

148 
148 

154 
154 
154 

160 
160 
160 

sp-p m a x .  p s i  (Dynamic)* 

21,535 

28,650 
25,095 

7,180 
6,640 

- 

4% 
13,165 
6,780 

11, :65 
10, 35 

16,685 
17,100 

$$E 
7,680 z;g 

20,515 
17,265 
21,400 
19,725 

17,115 
23,835 
24,165 
21,705 

- 
15,085 - 
ii35 

6,025 
4,725 

5,375 

14,265 
7,270 

- 

Y$% 

8,245 

7,730 

7,745 
io ,  300 
9,305 

9,115 

19,485 

- 
7,210 

13,780 

- #4 

18,600 

20,550 
19,575 

13,520 
7,560 

- 

%$% 
14,835 
13,700 
I;, 615 
1 ,715 

9,745 - 
E$% 
- 
2%; 
18,100 
21,500 

i&m 
38,365 



TABLE 2 (Cont'd) 

Panel 
NO - 
48 
49 
50 

Ave . 
51 
52 
53 

Ave . 
54 
55 
56 

SONIC FATIGUE PANEL STRESS (Cont'd) 

Type T SPL psi (Dynamic)* 
Panel 

VIE 
VIE 
V I E  300 

V I E  300 154 12,215 11,755 13,785 

- db Ga>$! -'* & #!!! 

300 300 148 1,815 9,650 6,375 

OF - - 
148 5,645 5,670 8,800 

VI? 300 154 11,265 11,600 13,810 
300 154 10,500 12;715 12.600 

11,325 12,025 

300 160 6,450 14,615 12,700 
V I E  300 19,465 16,365 9,175 
V/E 

V/Z 300 
160 

12,900 e 11,590 

* Obtained on oscillograph during frequency surveys prior 
Stress values represent maximum peak-to-peak to tests. 

levels on trace. No frequency correlation is available. 
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Panel 
NO 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Ave . 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Ave . 

- 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Ave . 

40 

TABLE 3 

STRUCTURAL FATIGUE TEST RGSULTS 

Type 
R i v e t s  - 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

R.H. 
R.H. 
R.H. 

R.H. 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

T 
OF - 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

9 
2!! 

21.4-22 8 
21.4-22.8 
21.4 
21.4 
21.2-21.9 
21.2-21.9 

21.8 
21.8 
22.1-22.8 
22.1-22.8 

21.4-22.4 
21.4-22.4 

20.1-20.3 
20.1-20.3 
19.3-20.4 
20.3-20.7 
19.3-20.4 
20.3-20.7 
20.3-20.4 
20.3-20.4 
20.1-20.8 
20.1-20.8 
18.3-23.3 
18.3-23.3 

22.8-23.1 
22.8-23.1 
22.6-23.8 
22.6-23.8 

22.5-22.6 
22.5-22.6 
22.3-23.3 
21.2-22.2 
21.2-22.2 

22.3-23.3 

20.7-21.1 
20.7-21.1 

'P * 
lbs . - 
3,924 
3,924 
3,900 
3,900 
3,890 
3,890 
3,920 
3,920 
3,900 
3,900 
3,920 
3,920 

3,960 
3,960 
4,020 
4,000 
4,020 
4,000 
4,000 
4,000 
3,970 
3,970 
3,990 
3,990 

3,905 
3,905 
3,990 
3,990 
3,950 
3,940 
3,940 
3,950 
3,950 
3,950 
3,950 
3,950 

24,070 

35,202 
31,383 

29,360 
26,280 
38,875 
38,135 
35,326 

20,070 

33,128 

30,632 

32,050 

23 9 700 

24,185 
24,185 
24,600 

22,900 
24,300 
22,160 
22,180 
18,975 
30,350 
19,500 
19,250 

23 9 070 

24,250 

- 
20,725 
17,600 
11,630 
11,420 

8,740 
14,400 
14,230 
16,370 
15,840 
16,475 
22,550 

15,775 

19 , 300 



Panel 

NO 

37 
38 
39 

Ave . 
40 
41 
42 

Ave . 

- 

43 
44 
45 

Ave . 
46 
47 
48 
55 

Ave . 
49 
50 
51 

Ave . 
52 
53 
54 

Ave . 

Type 

Panel - 
V/E 
VIE 
VIE 

VIE 
VIE  
VIE 

Control 
Control 
Control 
Control 

Control 
Control 
Control 

Control 
Control 
Control 

TABLE 3 (Cont'd) 

~ T R U ~ ~ ~ R A L  FATICUE TEST ~ T S  (Cont'd) 

Type 

Rivets 

F.H. 
F.H. 
F.H. 

F.H. 

F.H. 
F.H. 

F.H. 
F.H. 
F.H. 

R.H. 
R.H. 
R.H. 
R.H. 

R.H. 
R.H. 
R.H. 

R.H. 
R.H. 
R.H. 

T. 
OF - 
R m m  
Rsom 
Room 

200 
290 
203 

3@J 
300 
303 

Rzoa 
Rom 
Room 
Rcom 

200 
209 
200 

300 
300 
300 

9 
SE! 

22.8-23.8 
22.8-23.8 
22.0-22.8 

23.2 
23.2 
23.2 

18.3 
18.3 
19.3-19.5 

17.3-20.0 
17.3-20.0 
18.2-22.2 
18.2-22.2 

24.2-25.1 
24.2-25.1 
19.8-23.8 

18.0-20.9 
21.2 
18.0-19.2 

P *  
P 

lbs .  - 
3,900 
3,900 
3,900 

3,990 
3,990 
3,960 

3,965 
3,965 
4,000 

5,830 
5,830 
5,866 
5,866 

5,800 
5,800 
5,840 

5,890 
5,910 
5,890 

8, 

36,660 
32,640 
18,600 

29,300 

11,610 
20,310 

m 
7,080 
6,215 

-0% 
25,276- 
25,276- 
29,050 
28,036 

w m  
30,455 
23,280 
25,425 

m 
19,192 
11,800 
13,940 

rn 

17,120 

11,460 

* Load applied i n  one direction only. Peak load equal t o  
approxirnstely 4 times c r i t i c a l  buckling load for  a l l  panels. 

++ Data not included i n  a-rerage. Panels were previously 
tested to 5O,OOO cycle l i m i t  without f a i l u r e  v i t h  peak 
load equal t o  3 times c r i t i c a l  buckling load. 
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Panel 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Ave . 
13 
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 

Ave . 

- 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Ave . 

42 

TABLE 4 

STRUC’IURAL FATIGUE PANEL STATIC STRESS LEVELS 

Type 
Rivets 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

R.H. 
R.H. 
R.H. 
R.H. 

R.H. 
R.H. 

R.H. 
R.H. 
R.H. 
R.H. 

R.H. 

R.H. 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

R.H. 
R.H. 

R.H. 

R.H. 
R.H. 
R.H. 

T 
OF - 

Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

P s i  (Static)* 
l b s .  Gage K 
pP * 

3,924 
3,924 
3,900 
3,900 
3,890 
3,890 
3,920 
3,920 
3,900 
3,900 
3,920 
3,920 

3,960 
3,960 
4,020 
4,000 
4,020 
4,000 
4,000 
4,000 
3,970 
3,970 
3,990 
3,990 

3,905 
3,905 
3,990 
3,990 
3,950 
3,940 
3,940 
3,950 
3,950 
3,950 
3,970 
3,970 

7,440 
5,640 
6,070 
4,980 

6,730 

5,620 

4,920 
6,650 

- 
6,440 

6,110 

4,650 
4,310 

3,480 
3,810 
3,000 
3,090 
5,990 
5,130 
4,940 
4,640 

- 

+$E 
3,690 
5,390 
1,320 
3,340 
2,560 
3,370 
3,700 
3,470 
1,650 
1,630 
3,680 
2,555 

3,030 

- 
6,540 

6,990 
6,670 
6,680 
6,250 
6,670 
5,640 
6,300 
6,750 
4,580 

6,840 

* 
4,470 
4,410 
4,500 
4,880 
5,440 
3,625 
3,140 
5,060 

5,470 
5,430 

6,400 

+% 
4,170 
4,450 
2,635 
3,425 
2,450 
1,870 
3,250 
2,840 
2,825 
1,620 

- 
21,800 
21,200 
20,700 
20,300 
20,800 
21,800 
21,500 
21,600 
21,150 
20,500 
20,400 

E$% 
18,600 
17,200 

16,150 

16,950 
15,750 
15,900 
19,050 
17,850 
20,200 

- 
- 

w 
18,150 
18,300 
16,450 
17,950 
15,100 
16,650 
16,250 
16,700 
14,800 
22,000 
16,350 
15,960 
17,055 



Panel 
NO. 

37 
38 
39 

Ave . 
40 
41 
42 

Ave . 

- 

43 
44 
45 

Ave . 
46 
47 
48 
55 

Ave . 
49 
50 
51 

Ave . 
52 
53 
54 

Ave . 

TABLE 4 (Cont'd) 

STRU- FATIGUE PANEL STATIC STRESS LEVELS (Cont 'a) 

Type Type 
Panel Rivets 

F.H. 
F.H. 

V/E 
v/x 
V/E F . H .  

Control R.H. 
Control R.H. 
Control R.H. 
Control R.H. 

Control R.H. 
Control R.B.  
Control R.H. 

Control R.H. 
Control R.H. 
Control R.H. 

* 

Mc 

T 
OF 
9- 

Room 
Room 
Room 

200 
200 
200 

300 
300 
300 

Room 
Room 
Room 
Room 

200 
200 
200 

300 
300 
300 

lbs a - 
3,900 
3,900 
3,900 

3,990 
3,990 
3,960 

3,965 
3,965 
4,000 

5,830 
5,830 
5,866 
5,866 

5,800 
5,800 
5,840 

5,890 
5,910 
5,890 

6,050 
6,600 

3,985 ?g 
1,555 
3,625 
2,600 
2,595 

4,300 
10,Ooo 
5,720 

-2755 
4,750 
3, '780 * 
2,900 
4,530 
3,780 
3,737 

& 
5,850 
6,220 

-im 
2,980 

1,885 
3,590 * 
5,260 
7,420 
6,930 
4,030 
5,910 

3,960 
4,030 * 
3,005 
4,430 

E 
21,300 
20,800 

21,050 

15 , 300 
18,000 

- 

%$i? 
12,050 
15,250 
13,900 
13,735 

20,800 

25 , 150 
20,600 
22,390 

9,950 
20,400 

23,OOo 

w 
19,250 

22,200 
20,725 

- 

Static  stress values obtained from oscillograph records 
prior to tests. 

Load applied in one direction only. 
approximately 4 times critical buckling load for  all panels. 

Peak load equal to 
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Panel 
NO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Ave . 

c-- 

13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Ave . 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

A v e  . 

44 

5 

STRUCTURAL FATIGUE PANEL DYNAMIC STRESS LEVELS 

m e  
R i v e t s  - 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R i H .  

R.H. 
R.H. 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R .H. 

R.H. 

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

T 
OF 

Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

psi (Dynamic)* pp yy so-p max,  
lbs. Gage #2 & #6 

3,924 
3,924 
3,900 
3,900 
3,890 
3,890 
3,920 
3,920 
3,900 
3,900 
3,920 
3,920 

3,960 
3,960 
4,020 
4,000 
4,020 
4,000 
4 , 000 
4,000 
3 , 970 
3,970 
3,990 
3,990 

3,905 
3,905 
3,990 
3,990 
3,950 
3,940 
3,940 
3,950 
3,950 
3,950 
3,970 
3,970 

8,140 
6,700 

5,650 

7,800 
7,310 
6,530 
7 , 210 
5,650 
7,400 
7,850 

7,025 

6,630 
5,610 

4,250 
4,470 
4,590 
4,760 
7,290 
6,180 
6,450 
5,110 

5,705 

5,150 
6,350 
2,830 
5,170 
3,080 
5,060 
4,720 
5, E.0 
2,760 
3,010 
1,160 
3,440 
3,990 

7 , 010 
- 

- 

7,400 

6,860 
7,400 
8,380 
7,030 
7,180 
6,980 
7,400 
6,500 
6,810 
8,100 
5,550 

+% 
5,750 
5,600 
5,800 
5,970 
5 , 070 
5,700 
5,290 
7,045 
8,420 
6,920 
6,330 

+% 
5 , 440 
4,790 
4,050 
5,120 
3,240 
3,610 
3,880 
3,490 
3,770 
1,780 
3,040 
3,290 
3,790 

20,600 
21,500 
20,200 
20,800 
19,700 
20,100 
20,700 
21,100 
21,700 
21,600 
20,700 

%#$ 
20,600 
19,350 

19,150 

19,700 

- 
- 

19 , 200 
18,500 

19,200 
21,800 

20,800 

20,400 
20,200 
18,230 
20,100 
14,950 
18,100 
18,650 
17 , 100 
16,400 
14,000 
17,900 



TABLE 5 (Cont'd) 

Panel 

80. - 
$ 
39 

A=. 

.40 
41 
42 

A m .  

43 
w, 
45 

Ave 

46 
47 
48 
55 

Ave . 
49 
50 
51 

52 
53 
54 

Ave . 

Ave . 

V I E  F.H. 300 38965  3,340 38G25 13,650 
F'H* Sa0 3,965 5837O 5 8 5 &  l9,35O 

2,940 16 600 
v/E 
V/E 

Control R.H. Room 5,830 4 8 260 5,200 2VoO 
Control R.H. Room 5,866 7,360 7,175 25,200 

050 16,132 4'000 
4, 

F.H. 300 

Control R.H. Room 5,830 8,450 7,120 22,200 

Control R.H. Room 5,866 

Control R.H. 200 5,800 6,330 5,760 14,350 
Control R.H. 200 5,800 4,950 4,800 22,700 
Control R.H. 200 

Control R.H. 300 5,890 942 3,280 19,700 

Control R.H. 300 
Control R.H. 300 5 , 910 3,870 4,370 - 

* Dynamic stress values obtained from osci l lograph records 
during tests. 

Load appl ied i n  one d i rec t ion  only. 
approximately 4 times c r i t i c a l  buckling load f o r  a l l  
panels. 

Peak load equal t o  
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Specimen 
NO a 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Ave . 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Ave . 

TABLE 6 

AXIAL-LOAD STATIC TENSILE TEST RESULTS 

Type 
Rivet 
- 
R . H .  
R * H .  
R . H .  
ReHe 
RaHa 
ReHm 
R.H . 
R.H.  
R .H.  
R .H.  
R .H.  
R . H .  

R ,H.  
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

T 
OF 

- 
R o o m  
Room 
Room 
Room 
Room 
Room 
Room 
R o o m  
Room 
R o o m  
Room 
R o o m  

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

K 
lb . - 
2050 
1950 
2050 
2050 
2100 
2100 
2075 
2050 
2000 
1950 
2050 
2050 

2040 

1955 
1910 
1920 
1945 
1950 
1950 
1990 
1930 
1935 
1960 
1950 
1930 

1944 

46 

- 



Specimen 
NO 

TABm 6 (Cont'd) 

AXIAL-LQAD STATIC TENSILE TEST RESULTS (Cont'd) 

25 
26 
27 
20 
29 
30 
31 
32 
33 
34 
35 
36 

Ave . 
37 
38 
39 
40 
41 
42 

Ave . 
43 
44 
45 
46 
47 
48 

Ave . 
49 
50 
51 
52 
53 
54 

Ave . 

Type 
Rivet - 
R.H. 
R.H. 
R.B. 
R.H. 
R.H. 
ReH. 

R.B. 
R*H 
R.H. 
R.H. 
R.H. 
R.H. 

F.H. 
F.H. 
F.H. 
F.H. 
F.H. 
F.H. 

F.H. 
F.H. 
F.H. 
F.H. 
F.H. 
F.H. 

F.H. 
F.H. 
F.H. 
F.H. 

F.H. 
F.H. 

T 
OF 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

- 

Room 
Room 
Room 
Room 
Room 
Room 

200 
200 
200 
200 
200 
200 

300 
300 
300 
300 
300 
300 

K 
lb . 
- 
1655 
1675 
1585 
1650 
1610 
1630 
1660 
1660 
1665 

1650 
1615 

1642 
1700 
1600 
190 
1750 
1850 
1850 

1775 

1860 
1870 
1790 
1760 
1830 
1730 

m 
1630 
1555 
1580 
1630 
1575 
1575 

1590 

1645 

- 

- 
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TABLE 6 (Cont'd) 

AXIAL-ILIAD STATIC TENSILE TEST REa3JLTS (Cont'd) 

Specimen 
No. 

55 
56 
57 
58 
59 
60 

Ave 

61 
62 
63 
64 
65 
66 

Ave . 
67 
68 
69 
70 
71 
72 

Ave . 

Splice 
Plate 
Material 

Al 
A1 
A1 
Al 
A 1  
A 1  

A1 
Al 
Al 
Al 
A 1  
Al 

A1 
Al 
Al 
A 1  
A 1  
A 1  

Type 
Rivet 
- 
R.H.  
R . H .  
R . H .  
R . H .  
R . H .  
R . H .  

R .H.  
R.H 
R . H *  
R . H *  
R . H .  
R . H .  

R.H. 
R.H. 
R.H. 
R.H. 
R.H. 
R.H. 

T 
OF 
- 
Room 
Room 
Room 
Room 
Room 
Room 

200 
200 
200 
200 
200 
200 

300 
300 
300 
300 
300 
300 

K 
lb . 
- 
2110 
2050 
2100 
2180 
2120 
2110 

2110 

1910 
18%) 
1955 
185 5 
1870 
1875 

1897 

- 

1630 
1580 
1610 
1585 
1580 
1570 

1592 
- 



. 
TABLE 7 

vJ[SCO-ELAsTIC MATERIAL STATIC SHFa TEST RESULTS 

Room 

200 

I 

Specimen 
NO 

1 
2 
3 

Ave . 
1 
2 
3 

Ave . 
1 
2 
3 

Ave . 
1 
2 
3 

Ave . 
1 
2 
3 

Ave . 

Ll 
Lot #i----- 

Tested 
a t  T, 

788 
800 

% 
687 

2 
539 
468 

% 

G! 
497 
447 

385 
308 
300 
331 

---.----- 

Tested 
a t  Ta 

- 

352 
445 

399 

408 
381 

395 

7 

- 

Tested 
a t  T, 

502 
505 
446 
684 
326 
351 
222 
339 

141 

-- - 

g 
214 
193 
228 
212 

181 
137 

- 

Tested ‘“TI/ 

Notes : - 
1. Lot #1 Specimens were obtained from a 24 

sheet. This s ize  sheet was used for the sonic 
fatigue t e s t  panels. 
Lot jf2 Specimens were obtained from a 36 x 48 inch 
sheet. 
t e s t  panels. 
Soaking time was 30 min. 

2. 
This size  sheet was used for the beam-bending 

3. 

396 
307 

351 

285 

m 

- 

I[ 24 inch 
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TABLE 8 

SONIC FATIGUE PANEL VIBRATION TEST RESULTS 

I. Soft Suspension System - Room Temperature 

Panel #28 (Control) Panel. #56 (Visco-elastic) 

Mode 0 C l C C  Mode 0 CIC, 

1 142 .0103 1 152 .0143 
2 198 .0030 2 201 .0106 
3 250 .0069 3 250 .0128 
4 352 .0036 4 351 .0024 

11. Hard Suspension System - Room Temperature 

Panel #28 (Control) Panel #56 (Visco-elastic) 

Mode 0 c/cc Mode 8 c/cc 

1 170 .0051 i 170 .0048 
2 208 .0040 2 233 *m75 
3 255 .0054 3 258 .0122 
4 370 .0142 4 360 .o i l4  

111. Hard Suspension System - 200°F 
Panel # 2 8 ( ~ o n t r o l )  Panel #56 (Visco-elastic) 

Mode 8 C I C C  Mode 8 c/cc 

1 177 -0035 1 173 .0065 
2 231 .0043 2 229 .OOM 

.0082 3 293 .0040 3 
4 361 .0064 4 ;ig .0142 

IV. Hard Suspension System - 300°F 
Panel #28 (Control) Panel #56 (Visco-elastic) 

Mode 8 c/cc Mode 8 c/cc 

1 177 .0094 1 178 .0066 
2 229 00059 2 230 ,0054 
3 279 .0054 3 279 .0082 
4 361 00035 4 339 * o w 5  
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SU\N : 

PANELS ' 1 - 2 9  - . O S \  2 0 2 4 - T 3  

ST IFFENER : 202'4 -13 ALL PANLLS 

R\V€T SPACING - '/4 " _I T I E O  TO F L A N G E  wirH XG BOLTS 
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CROSS - SECT ION r 
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I ALL DiMENSloN5 ARE i N  iNCHES 

i FLANGE 

CROSS - S E C l  

c- l i  - I _ , i - I  
FIGURE: 4 - SONIC FATIGUE TEST PANEL 

54 



55 



I I  

_ - _ _  r '  
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
L - - - -  

BACK S I D E  

ALL MICROPHOIWS IX)CATED IN 
PLANE 6" FORWARD OF FROM! 
SIDE OF PANEL 

-4 -- 6 

KElJRE 6 - MICROPHONE LOCATIONS FOR SONIC 
F A T I G W  TESTS 
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TKEI1MocWLEs AT POINTS 1 TO 6 MONITORED WRING TESTS 

nGURE 7 - !CHEXWCOUPLE IBCA!I’IONS FOR SONIC FATICUE 
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AIR FLOW 
d 

BACK SIDE 

CEN!.ERS OF GAGS #2, #3? 
& #4, 0.75 IN. FROM RIVET 
LINE. 

CENTER OF GAGE #1 
0.50 IN. FROM R I ~  LINE 

FIGURE 8 - STRAIN GAGE LOCATIONS FOR SONIC 
FATIGUE TESTS 
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CONTHOL THEHMOCOWLE 
LOCATED AT POINT A 

THERMOCOUPLES #l & #4 MONITORED 
W R I N G  TESTS 

FIGURE 34 - THE%dOCOUPLE IOCATIONS FOR STRUCl'URAL FATIGUE 
TESTS AND PANEL TENF'ERATURE DISTRIBUTION SURVEYS 
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CENTERS OF GAGES #5, #6 Q fl 0.87 IN. FRW BAY C ~ R .  
CEFl‘ERS OF GAGES #, & #g 0.50 IN. FRCM RIVET LINES. 
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~ ~~ 

I I 
I I 

I 
I 

I 
I 
I 
+--------- 
i 
I 
I 

I I  

j 1”” 
I 
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00 

Au DIMENSIONS ARE I 
I# INCHES 

FIGURE 17 - AXIAL-MAD STATIC TENSILE SPECrIMEN 
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FIGURE! 22 - POWER SPECTRAL DENSITY, 154 DB - 30O0F, GAGE #1 
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F? POWER SPECTRAL DENS1 SONIC FATIC9 CONTROL PANEL #23 
154 db - 300 F 

FIGURE 33 - WE3 SPEXXWLL DENSITY, 154 DB - 300°F, GAGE #i? 
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FIGURE 27 - OSCIL.I>OSCOPS DISPLAYS SHOWTNG PRX,E?JCE OF HTGHER 
FFRQUENCY MODES WITH ETJTIDP&I~PvTA!J MODE IN SONIC 
FATIGUE PANELS TESTED AT i,C’l7F. (lJURL SINE WAVE 
SUPRRIMPOSED ) 
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lST MODE 8 = 142 CPS 
c/cc = .0103 

3.m MODE e = 250 cps 
c/cc = .006g 

I s  
2ND MODE 0 = 198 CPS 

C/Cc = .0030 

4THlDDE 8 = 352 cps 
C/C, = ~ 0 3 6  

SONIC FATIGUE CONTROL PANEL #28 

FIGURE 49 - NODE LINES OF NND"AL MODE FROM VIBRATION 
TESTS ON SONIC FATIGUE CONTROL PANEL, Son 
SUSPEWSION SYSTEM AT ROOM TEMPERATURE 
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im MODE e = 152 CPS 
C/Cc = .0143 

2ND MODE 0 = 201 CPS 
c/cc - .0106 

~ R D  MODE e = 250 cps 
c/cc = .0128 

4m MODE e = 351 cps 
c/c, = .0024 

SONIC FATIGUE VISCO-ELASTIC PANEL #56 

FIGURE 50 - NODE LINES OF FUNDAMEPl'AL MODES FROM VIBRATION 
TESTS ON SONIC FATIGUE V I S C O - E W T I C  PANEL, SOFT 
SUSPENSION SYSTEM AT ROOM TBPEHATURE 
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1STMODE 8 =lmCP5 
c/c, = .0051 

~ n ,  MODE e = 255 6 s  
c/cc = .0054 

4Ta MODE 8 - 370 CPS 
c/c, - .0142 

m c  FATIGUE CONTROL ?ANEL .628 

FIGURE 5 1  - NODE LIloEs OF 
TESTS ON SONIC FATICUE CONTROL PANEL, HARD 
GuspENSIOI9 SYSTEM AT ROOM TmERATURE 

MODES FROM VIBRATION 
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I 
1ST MODE 0 

C/Cc 

e 

= 170 CPS 2ND .MODE 
= .0048 

63 I: 
3RD MODE 8 = 258 CPS 

c/cc = .0122 

e 

- 233 CPS - 00075 

4TH MODE 8 = 360 C P S  
C/Cc = .0114 

SONIC FATIGUE VISCO-ELASTIC PANEL a56 

FIGURE 52 - NODE LINES OF "DAMENTAL MODES FROM VIBRATION 

SUSPENSION SYSTEM AT Road TEMPERATLEU 
TESTS ON SONIC FATIGUE VISCO-ELASTIC PANEL, HARD 
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SPLI c E P LA?' z 

a. TYPICAL OF SPECIMENS #1-l2. FAILURE PA%DUCED BY COMDINATION OF 
TEARING OF VISCO-ELASTIC M~~TLRIAL I* RIVLT FAILUiti. 

b. TYPICAL OF SPECIMENS $13-36. FAILUA% BY 5HEkriiNC 3IVXTS. 
C .  TYPICAL OF SPECIWNS #37-54. F A I L U E  BY TSARXNG VISCO-LLDSTIC 

d .  TYPICAL OF SPECIMcNS #55-72. FAILUHE 11Y SHEARING RIVETS. 
MATERIAL AT TiiE %VETS. 

FIGCrRZ 58 - TWICiJ, F t r l L U R i  EJIOD?S OF AXTAL-LO.4L 
5 TAT I C T ciu SI L t 3P LC I ?I i N S 
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